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PEEFACE. 


rpHE  Science  of  Geology,  though  barely  jtA  a  oentuiy  old, 
■'■  ooverB  already  so  wide  a  field  aqd  takes  in  ao  great 
a  diversity  of  subjects,  that  fev,  if  any,  men  can  hope 
thoroughly  to  master  the  vhole  of  it. 

Mineralogy,  Petrology,  Stiatigraphical  Geology,  Teires- 
ttial  Cosmogony,  Palffiontalogy,  and  other  lines  of  research, 
thoogh  they  may  fairly  be  looked  upon  as  subdivisions  of 
Geology,  are  fast  becoming  separate  Sdenoes. 

But  while  it  has  become  almost  an  absolute  necessity  for 
most  Geologists  to  conoentrate  their  attention  on  some  one 
department  of  the  Science  and  be  content  with  a  less  perfect 
grasp  of  the  rest,  there  is  yet  a  certain  basis  or  ground- 
work, with  which  ereiy  one  who  meddles  with  Geology, 
whatever  be  the  branch  to  which  he  spedally  devotee  him- 
self, must  be  acquainted  if  his  work  is  to  be  sound.  For 
want  of  a  knowledge  of  this  groundwork  the  Fetrologist, 
looking  merely  to  chemical  and  mineralogical  composition, 
classes  together  rooks  which  diSer  totally  ia  their  origin  or 
manner  of  occurrence ;  the  Pftlteontologiat  pure  and  simple 
is  apt  to  force  into  an  unnatural  connection,  on  account  of 
similarity  in  fossils,  formations  which  physical  evidence 
shows  ought  to  be  kept  widely  apart ;  the  Field  Oeolu- 
gist  is  content  with  tracing  boundaries  on  his  map,  and 
fo^ets  to  ask  himself  how  his  lines  were  produced  and 
what  they  mean. 

It  is  this  fundamental  groundwork  of  which  I  have 
attempted  to  give  an  outline  in  the  present  volume,  and  in 
default  of  a  better  name  I  have  called  it  Physical  Geology. 
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I  have  hoA.  it  in  my  mind  to  produce  a  book  vHch  viU 
Eupply  the  requirements  of  two  clasaes  of  readers. 

1  wished  to  draw  up  a  manual  whioh  would  serve  the 
purpose  of  those  students  vho,  without  going  very  deeply 
into  the  subject,  desire  to  know  as  much  of  the  Science  as 
any  man  of  culture  may  be  reasonably  expected  to  possess. 
To  be  familiar  with  only  thus  much  of  Geology  affords 
many  opportunities  of  agreeable  intellectual  amusement, 
for  some  of  its  branches,  such  as  the  connection  between 
the  scenery  of  a  countiy  and  its  geological  structure,  can 
be  nnderetood  without  any  special  knowledge,  and  may  be 
mastered  and  enjoyed  by  any  one  who  can  tiee  his  eyes, 
and  reason  in  a  vety  oommon-seuBe  way  about  what  he 
sees  around  him. 

But  I  have  been  still  more  anxious  to  produce  a  text- 
book for  the  School  and  Lecture-room ;  and  in  the  hope 
that  the  book  may  be  found  suitable  for  educational  pur- 
poses, I  am  tempted  to  venture  a  few  remarks  on  the  rank 
which  Natural  Science  is  entitled  to  hold  as  an  instrument 
for  training  the  mind  to  reflect  and  reason,  a  subject  just 
now  of  somewhat  brisk  controversy.  As  a  means  of  cul- 
tivating the  f  aonl^  of  observation  its  supericffity  is  unques- 
tioned; but  it  is  not  SO  generally  allowed  that  it  is  aa 
powerful  an  eng^e  for  developing  the  reasoning  powers 
as  the  older  studies  of  Mathematics  and  Classics.  If 
Natural  Science  is  ever  ta  take  rank  beside  these,  it 
must  show  that  it  is  equal  to  them  in  this  very  im- 
portant respect ;  and  any  work  on  Natural  Science,  which 
is  intended  for  educational  use,  must  not  only  state  clearly 
the  results  arrived  at,  but  must  also  put  forth  the  methods 
by  which  they  have  been  obtained.  For  this  reason  I  have 
dwelt,  with  I  hope  not  wearisome  minuteness,  on  the  logical 
processes  by  which  the  oondufflona  of  Geology  have  been 
reached. 

One  point  more  perhaps  deserves  notice.  In  spite  of 
the  elementary  character  of  the  work,  I  have  not  thought 
it  desirable  to  shut  out  altogether  those  speculative 
branches  of  the  subject,  in  which  we  axe  at  present  only 
feeling  our  way  dai'kly  along,  and  have  not  yet  been  able 
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PEEPACE.  IX 

to  anire  &t  an;  condueion  whatever.  It  lias  been  objected 
to  Natural  Science  in  general,  and  the  objection  applies 
with  special  force  to  Geology,  that  it  is  nnsuited  tor  an 
mstnunent  of  education,  because  much  of  it  is  uncertain 
aod  liable  to  he  upeet  by  new  discoveries,  and  much  of 
it  at  present  little  more  than  a  blank.  But  it  is  Ciis  very 
ctroumstonce  which  seems  to  me  to  constitute  one  of  the 
chief  claims  of  Sdence  to  rank  high  among  educational 
tools.  The  mnltiplicity  of  iis  unsettled  points  causes  it 
to  make  constant  calls  ou  the  imagination,  and  so  to  fill 
a  corner  hitherto  nnoconpied  in  the  educational  programme ; 
for  the  results  of  Mathematics  are  too  certain,  and  those  of 
Classics  too  stereotyped,  to  leave  much  scope  for  imagina- 
« tive  ingenuity.  In  abort,  let  us  have  Mathematics  with 
its  severe  logic  to  develop  our  reasoning  facnh^,  Litera- 
ture and  Art  with  their  elegancies  to  form  our  taste,  and 
Natural  Science  with  its  vexed  questions  and  unsettled 
problems  to  stimulate  and  at  the  same  time  guide  our 
imagination,*  and  we  shall  have  a  curriculum  with  eveiy 
requisite  for  developing  the  intellect  all  round,  and  pro- 
ducing that  highest  result  of  culture,  a  many-sided 
mind. 

A  work  like  this  affords  little  scope  for  originality,  and 
I  doubt  whether  there  is  in  the  book  a  single  thing  from 
heginningtoendthatcanbesaidtobenew.  I  have  borrowed 
right  and  left ;  in  many  oases  my  obligationB  are  so  obvious, 
that  it  would  have  been  unnecessarily  burdening  the  pages 
with  references  to  have  acknowle^ed  the  sources  of  my 
information ;  in  fact  I  have  as  a  rule  given  references  only 
in  those  cases  where  I  wished  the  student  to  go  more  fully' 
into  the  subject  than  I  bad  room  for.  But  whether  I  have 
recognised  my  debt  or  not,  I  beg  to  offer  my  best  dianks  to 
those  numerous  brethren  of  the  hammer  dF  whose  labours 
I  have  avuled  myself  without  scruple  and  without  stint. 

I  must  also  content  myself  with  a  general  acknowledg- 
ment of  the  not  inconsiderable  help  I  have  received  from 

*  I  would  not  b«  nodwstood  to  nmn  that  thii  ii  tha  onlj  fanetion 
of  the  stodjr  of  Katunl  Rcienoe,  or  Ibis  the  ontj  way  in  which  the 
iniajjiiutioii  inaj  be  awakened. 
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private  BOuiceB ;  but  I  cannot  forbear  offering  my  epecial 
tbanks  to  my  father  for  ins  aseifitance  in  tbe  reviBion  of  the 
proofs,  and  to  my  friend  Mr.  L.  C.  Miall  for  a  Bimilar  Bervice, 
as  well  aa  for  a  host  of  eu^estiong  whtcb  have  had  the 
effect  of  materially  adding  to  any  value  the  book  may 
poaeeas. 

Leeds,  Jattuary,  1876. 
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"  Bunalei  lea  eBorta  par  leaqnel*  out  £U  enuliieUeiiient  oonqnisea  1m 
Mea  tb^oriqnea  que  nona  poaaMoni  aajonra'hni  n'eat  pas  aaolement  un 
Juate  hommags  renda  i  cenz  qui  ont  Iclairf  la  loieiice  par  leun 
tiBvBuz :  o'sat  anaai  nn  aTerluaement  aalataire  contra  lea  iUiiiiona 
■p^oulativea."  Dadbbik. 

FFHE  tliiiig  aimed  at  first  of  all  br  Geology  was  to  find 
X  out  what  the  earth,  on  which  we  live,  is  made  of.  It  is 
probable  that  the  earheet  oultivatoK  of  the  edence  did  not 
sot  themBelvee  to  do  any  more  than  this,  and  that  the  only 
objects  they  had  in  view  were,  the  examination  of  the 
materials  out  of  which  the  solid  framework  of  the  earth  i» 
built  up,  and  the  determination  of  their  chemical  oompo- 
BJtion,  physical  properties,  manner  of  occurrence,  and  other 
charactenatics.  True  these  pioneers  had  hma  time  to 
time — indeed  men  of  their  ocuteness  conld  scarcely  fail  to 
have — glimpses,  from  the  outskirts  where  they  were  labour- 
ing, of  the  wide  c^eological  domain  that  lay  beyond ;  but 
for  a  long  lapse  of  time  the  attempts  to  push  onward  into  it 
were  few  and  desultory.* 

Geology  then  began,  as  aU  sdenoea  must  begin,  by  being 
a  bare  record  of  observed  facts.  But  GeoloCT  coidd  not, 
any  more  than  other  sciences,  stop  here.  Some  of  the 
inferences  to  be  drawn  front  these  facte  stare  us  in  the  face  so 
palpably  that  they  could  not  long  escape  notice.  Among  the 
facts,  which  in  (Ms  way  told  flieir  own  story,  one  of  the 
most  obvious  and  the  first  to  attract  attention  was  the 
occurrence  in  the  heart  of  solid  rocks,  and  at  spots  far 
inland  and  high  above  the  sea  level,  of  what  were  un- 
doubtedly the  remains  of  marine  animals.  Two  most 
important  inferences  followed  from  this :  let,  the  rocks 

oanaee  that  hindered  the  advanoe 
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could  not  always  h&ve  been  there,  but  must  have  accuma- 
lated  round  the  remaiuB  they  now  endoae ;  and,  Sndly,  the 
armngement  of  land  and  sea  most  have  once  been  dif- 
ferent from  what  it  ia  now.  In  this  way  men  came  to 
leam  that  the  earth  had  not  sprung  into  being  exactly*  as 
we  have  it  now,  but  that  changes  had  passed  over  it  from 
time  to  time ;  and  then  there  arose  a  further  brancli  of 
Geology,  which  had  for  its  object  to  determine  teAat  &ti» 
ehangt*  hoi  Amm,  and  Amo  they  had  he»n  hrtmgkt  aiotU. 

llie  doctrine  that  the  earth  had  been  subject  to  change, 
wbichconstitutaatheverymarrow  of  Geology,  was  established 
in  the  mann^  just  described  at  least  as  far  back  as  the  days 
of  I^^thagoras,  but  it  was  long  before  the  science  made  any 
advance  beyond  this  and  a  few  elementary  truths  of  a  like 
nature.  The  attempts  made  to  give  any  rational  explana- 
tion of  the  way  in  which  the  (Ganges  had  been  effected 
were  only  partly  true,  or  were  wholly  erroneous.  Some 
geologists  failed  on  account  of  limit^  experience ;  they 
looked  upon  the  tract  they  were  acquainted  with  as  a  type 
of  the  whole  globe,  and  their  explanations,  thou£;h  well 
suited  to  local  instances,  were  not  of  general  appGcation. 
Others  were  hampered  by  preconceiyed  notions  that  geo- 
logical changes  had  been  produced  all  at  the  same  time, 
and  all  by  the  same  cause ;  Noah's  Deluge,  for  instance, 
was  a  favourite  resource  witJi  this  schcx)!,  and  was  credited 
with  far  more  important  results  than  it  oould  possibly  have 
e£fected,  even  if  the  popular  notion  of  it  were  correct.  A 
third  class,  the  most  mischievous  of  all,  "took  not  tlieir 
material  from  Nature,  but  spun  it  out  of  themselves;" 
they  discarded  observation  altogether,  and  amused  them- 
selves with  weaving  ingenious  conceits  as  to  how  the  earth 
might  have  been  brought  into  its  present  shape ;  and,  when 
they  found  themselves  in  a  difBcuIty,  did  not  hesitate  to 
call  in  to  their  aid  agencies  the  like  of  which  had  never 
either  been  seen  or  beard  of,  and  the  like  of  which,  as  far 
as  our  knowledge  of  the  economy  of  Nature  goes,  could 
never  have  been  in  operation.  The  wild  dreamy  specu- 
lations of  this  school,  with  their  convulsions,  cataclysms, 
inundations,  collisions  with  comets'  tails,  and  other  fanciful 
occurrences,  read  like  a  translation  of  a  Scandinavian  saga 
without  the  life  of  the  original,  and  it  is  really  hard  to 
believe  that  they  could  ever  have  been  seriously  put  for- 
ward by  men  oallin^  themselves  scientific  students.  Among 
the  othw  caosee  irluGh  hindered  the  progress  of  the  scienoe, 
we  may  specially  mention  a  dreary  oontroreisy,  whidh 
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dragged  its  slow  lenc;tli  alons  over  mare  tlion  a  centuiy, 
as  to  whether  the  Uiings  in  uie  rocks,  which  appeaj«d  to 
be'orgHnio  remains,  ever  had  belonged  to  living  animals, 
and  were  not  rather  count«Tfeits,  moulded  by  Nature  in 
some  elfish  mood  purposely  to  lead  mankind  astray.  It  is 
scarce^  believable  that  so  impudent  a  notion  could  ever 
have  found  supporteie ;  but  it  did,  and  no  lack  of  them 
either. 

The  eu-ly  history  of  Geology  then  consists  of  a  record 
of  one  long  string  of  failures,  but  the  study  of  these  will 
be  by  no  means  barren  of  results,  if  we  loos  at  them  £rom 
the  rieht  point  of  view.  When  we  see  men  of  ungues- 
tionabfe  power  going  on  for  centuries  missing  the  mark, 
the  only  conclusion  we  can  come  t4>  is  that  there  was 
somethiD^  radically  wrong  in  the  way  in  which  they  went 
to  work.  And  it  is  easy  enoun'h  to  see  what  it  was  that 
was  wrong  in  their  method.     If  we  want  to  learn  how  a 

Siece  of  furniture,  a  pair  of  shoes,  or  a.  coat  is  made,  we 
on't  sit  down  and  waste  oxir  time  in  barren  guesses  and 
random  shots,  but  we  go  to  the  cabinet-maker,  the  shoe- 
maker,  or  the  tailor,  and  watch  them  at  their  work.  Nor 
will  one  visit  be  enough ;  if  we  wish  really  to  get  to  the 
bottom  of  the  matter,  we  must  go  again  and  again,  till  we 
have  made  ourselves  masters  of  every  step  in  the  process 
of  manufacture.  Just  so,  if  we  want  to  learn  how  any 
natural  product  arose,  we  must  haunt  the  worksh<^  of 
Nature,  till,  by  long  and  repeated  study,  we  wring  aora 
her  the  secretB  of  her  trade,  and  gain  an  insight  into  every 
step  of  her  complicated  and  manifold  operations.  Now 
this  is  just  what  the  earlier  geologists  did.  not  do.  Some 
observed,  but  did  not  observe  enough ;  others  shirked 
altogether  the  labour  of  observation,  and  tried  to  supply 
its  ^aoe  by  speculations,  which  had  nothing  but  imagina- 
tion to  rest  upon. 

Practically,  in  spite  of  some  advances  every  now  and 
then  in  the  right  direction,  Geology  continued  in  this  un- 
satisfactoiy  state  down  to  the  end  of  the  last  century. 
Then  there  came  on  the  stage  Hutton,  the  kind  of  man  the 
science  had  bo  long  been  in  need  of,  and  by  his  teaching 
geolonsts  were  at  last  started  on  the  only  path  that  could 
possibly  lead  them  to  truth.  He  pointed  out,  in  words 
that  could  not  be  misunderstood,  that,  if  we  want  to  know 
what  has  happened  on  the  earth  in  bygone  times,  we  mnst 
begin  by  learning  what  is  going  on  there  now.  He  drove 
out  once  and  for  ever  the  imaginary  agencies^  which  the 
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earlier  s^log^istB  had  been  ao  readj  to  hare  Mootme  to ; 
and  laid  down  the  principle,  that  in  geological  speculation 
"  no  powers  are  to  DO  emplojed  that  are  not  natural  to  the 
gjobe,  no  addons  to  be  admitted  of  except  those  of  which 
we  know  the  principle,  and  no  extraoi'dinaiy  events  to  be 
alleged  in  order  to  explain  a  oommoa  appearance."* 
Following  out  this  principle,  he  said  something  like  this : 
Ton  have  here  a  rock,  and  you  want  to  know  how  it  wa» 
formed.  Well,  what  yon.  must  do,  is  this.  You  must  go 
and  search  whether  there  is  anything  now  in  the  coarse  of 
formation  which  is  either  identical  with  that  rock  or  could 
be  made  identical  with  it  by  processes  which  we  know 
Nature  is  capable  of  employing.  When  yon  find  such  a 
substance,  learn  what  are  the  agents  that  are  forming  it. 
It  will  then  strike  you  irresistibly  that  it  is  far  more  likely 
that  your  rock  has  been  formed  by  agencies  similar  to 
those  which  are  now  producing  a  substance  that  cannot  be 
distinguished  from  it,  than  that  it  was  made  by  some 
imaginary,  unheard-of,  and  improbable  process.  And 
Hutton  laboured  succeeefully  to  show  that  uie  forces  now 
in  action  are  fully  competent  to  form  rocks,  and  to  bring 
about  a  large  portion  of  the  changes,  which  we  learn  from 
Geology  must  nave  passed  over  the  earth's  surface.  Here 
he  stopped,  confining  himself  to  that  portion  of  the  earth's 
lifetime  during  which  her  physical  condition  has  been 
similar  to  what  it  is  at  present ;  it  is  somewhat  doubtful 
whether  he  even  reBlised  the  probability  of  there  having 
been  a  time  when  the  earth  was  in  a  very  different  etst« 
from  now ;  but,  if  he  did,  he  declined  to  concern  himself 
with  the  events  and  operations  of  such  a  period.  It  can- 
not be  denied,  then,  that  Hutton  took  rather  a  narrow  view 
of  the  scope  of  Geology ;  but  in  the  portion  to  which  he 
applied  himself  he  may  fairly  be  looked  upon  as  the  veri- 
table father  of  the  science ;  and  since  the  hlstoi;  of  the 
earth  as  it  is  must  be  mastered  before  we  can  go  on  to  un- 
ravel the  history  of  the  earth  as  it  was  before  the  present 
state  of  things  was  established,  we  may  go  further  and 
call  him  the  founder  of  Geology  as  a  whole. 

Hutton,  like  most  great  men,  was  in  advance  of  his  age ; 
his  teaching  fell  dead  f  till  it  was  revived  and  illustrated 

•  Thsory    of   the    Euih,    ii.  tothtgealof^otto-Anj:   "Ths 

fil7.  theoTjr  of  Hutton  has  gradually 

.  t  Hoir  oompletely  Ifaii  wni  the  mok  into  diirepnta  in  proportion 

caae  may  he  wen  from  the  follow-  ni  geological  laotB  and  obaerra- 
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liy  L7ell ;  but  it  ia  now  imiverBally  recognised  as  the  prin- 
ciple on  which,  we  must  base  all  BpeciilationB  relating  to 
that  part  of  the  Befenoe  of  which  he  treated, 

Hutton  occupied  himeelf  mainly  in  etudyio^  the  changes 
that  are  now  taking  place  on  the  earth's  surface,  and  the 
means  b;  which  they  are  being  brought  about,  and  in 
demonstrating  that  the  changes  that  had  happened  during 
past  periods  of  the  eartih's  history  were  of  tlie  same  kind 
and  due  to  the  same  causes  as  those  now  going  on.  He 
could  not  fail  to  realise  dearly  the  fact,  known  before  his 
day,  that  rooks  were  not  all  of  the  same  a^,  and  he 
describee*  with  rugged  eloquence  observations  which 
showed  hJT"  that  some  of  the  older  rocks  had  been  displaced 
from  their  original  position  and  had  suffered  wear  and  tear 
before  rocks  <d  later  date  had  been  laid  down  upon  them. 
But  he  did  not  go  beyond  these  broad  general  facts,  nor 
attempt  to  determine  with  any  detail  the  order  in  which 
rocks  had  been  formed.  The  ^rst  steps  in  this  direction, 
sufficiently  systematic  to  call  for  notice  here,  were  made, 
about  the  same  time,  by  two  coutonporaries  of  Hutton, 
Werner  and  William  Smith. 

The  former  showed  that  the  rocks  of  the  part  of  Ctermany 
which  he  examined  could  be  divided  int«  certain  groups, 
and  that  these  groups  came  on,  one  over  the  other,  in  an 
order  of  succession  which  was  everywhere  the  same.  Thus 
il  we  call  these  consecutive  groups  a,  h,  and  e,  and  note  in 
one  place  that  a  is  the  undermost,  b  the  middle,  and  e  the 
uppermost  of  the  three,  we  shall  find  these  groups  in  the 
some  relative  position  with  regard  to  each  o&er  wherever 
we  meet  with  them ;  h  will  never  be  below  a  or  above  c. 
The  same  law  holds  good  throughout  the  whole  series  of 
groups.  Some  members  may  be  wanting  in  places,  but 
this  will  not  affect  the  plaoe  in  the  series  of  the  rest ;  thus, 
if  i  be  absent,  a  will  rest  on  a,  never  a  on  e.  Some  of 
Werner's  subdivisions  agree  pretty  nearly  with  those  of 
modem  geologists ;  others  have  been  long  ago  discarded, 
because  t^ey  were  established  on  the  strength  of  erroneous 
theories  as  to  the  way  in  which  the  rocks  composing  them 
had  been  formed.  These  theories  were  of  the  wildest 
description,  whtdly  unsappoited  by  observaticm  or  analogy, 

and  KtteDMve ;  and  it  imot  im-  powsrfiil      oppomtion." — Wbsi- 

pcolwble  but  even  tlie  beautiful  autTB.    Fobbter,  Sution   sf  tAe 

t^mf  of  Wemer  may  shars  a  Strata  (1821],  p.  IfiS. 
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and,  as  ibej  were  put  forward  with  a  s«al  and  t/aom' 
which  ga<re  their  author  great  influeuce  over  his  pnpila, 
they  contributed  no  little  to  hinder  the  progreea  of  G«ology. 
StiU  it  wae  a  great  step  gained  to  have  established  the  foot 
of  the  existence  of  an  inTariable  order  oS  succesaion  in  the 
rocks. 

While  WBmer  was  pnrauing  hie  inreetlgationfl  in  Ger- 
many, William  Smith  waa  patiently  at  work  amonK  the 
rocks  of  England,  paying  special  attention  to  the  foflatl 
remains  of  plante  and  anunaJs  which  the^  oontained.  He 
found  that  Uie  law  which  Werner  had  established  for  the 
Buccession  of  rock  groups  in  Qermany  was  equally  true  for 
those  of  this  country ;  ttiey  were  laid  ot»o  upon  tlie  other  in 
an  order  which  was  eTeiywhere  the  same.  Hia  study  of 
fossils  enabled  him  to  establish  a  further  law  of  the  great- 
est importance.  He  discovered  that  eadi  rock  group  oon- 
tained a  number  of  fossils  different  from  those  in  any  other 
group,  and  that  by  means  of  these  fossils  it  couhi  be  recog- 
nisea  and  its  place  in  the  series  determined,  in  cases  where 
thiscDuIdnot  be  accomplished  in  any  other  way.  Thus,  sup- 
pose that  we  determine  at  any  one  spot  the  order  in  which 
the  three  groups,  a,  h,  and  e  occur,  and  note  and  record  the 
fossils  found  in  h;  further,  tliat  at  auother  spot  we  find 
rocks  containing  the  same  fossils  as  h,  but  cannot  see  what 
is  below  or  above  them ;  th«i,  on  the  strwigth  alone  of  the 
similarity  of  the  fossil  contents  of  the  two  rock  groups,  we 
may  safely  assert  that  theee  problematical  rocks  belong  to 
the  b  group,  and  that  below  them  there  is  either  a  or  some- 
thing lower  in  the  series,  and  above  thran  either  e  or  B>une- 
thing  higher. 

From  the  first  of  the  two  laws  just  menticmed  it  was  an 
easy  step  to  show,  as  we  shall  aee  shortly,  that  the  place  of 
each  rocK  group  in  the  series  gave  the  relative  date  of  its 
formation,  that  the  lowest  was  the  oldest,  the  one  above 
came  next  in  point  of  time,  and  so  cm.  From  the  second 
law  we  learn  that  the  changes  which  had  passed  over  the 
earth  had  not  been  ooufined  to  the  inorganic  portion  of  it, 
but  hod  affected  its  living  inhabitants  aa  well ;  that  each 
period  of  its  past  history  had  had  its  own  peculiar  forms  of 
me,  and  that  these  had  from  time  to  time  died  out  and 
been  replaced  by  new  forms. 

Then  there  arose  a  further  branch  of  Geology,  which  had 
for  its  objeota  to  detenuine  not  merely  what  changes  had 
happened  formerly  on  the  earth  and  how  they  had  been 
brought  about,  but  <dm>  the  tritr  in  which  they  had  oteurred; 
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and  furtiher,  to  describe  tbe  different  living  forms  whioh 
had  peopled  tbe  globe  in  fonner  ages. 

Theee  then  seem  to  have  been  the  main  steps  in  the 
pn^rees  of  Geology.  It  began  merely  with  the  view  of 
maUng  out  what  the  earth  was  made  of — with  being  merely 
a  Bcienco  of  description  and  claeeification.     Then  in  the 

SuTBuit  of  this  study  facta  came  out  which  told  a  etoiy  of 
irmer  changea  that  had  passed  over  the  world,  and  geo- 
logists set  to  work  to  discover  what  these  changes  had 
been,  and  how  they  had  been  caused.  Lastly,  it  was  found 
posfflble  to  determine  the  order  in  which  past  changes  had 
occurred,  and  the  modifications  in  the  forms  of  life  by  which 
they  had  been  accompanied.  The  methods  employed  for 
these  ends  advanced  Oeology  to  the  place  of  an  inductive 
science,  and  their  results  eauirged  its  scope  and  gave  rise 
to  what  may  be  called  its  historical  branch. 

Thus  there  arose  two  main  subdivisions  of  the  science, 
which  may  be  called  Descriptive  and  Historical  Geology  ; 
and  these  it  is  still  convement  to  retain.  One  object  in 
giving  the  preceding  sketch  of  the  prc^^ees  of  the  science 
has  been  to  show  tluit  these  are  not  mere  arbitrary  or  even 
convenient  divisions,  but  grew  up  with  the  growth  of 
QoologY  itself. 

We  have  already  mentioned  that,  even  in  its  early  or 
descriptive  stage,  many  of  the  cultivators  of  Qeology  had 
foretastes  of  what  it  would  afterwards  grow  to ;  but  the 
labours  of  Hutton  and  Smith,  specially  those  of  the  fonner, 
may  be  said  to  have  raised  Qeology,  practically  at  one 
step,  from  a  bare  record  of  observations  to  the  dignity 
of  an  inductive  science.  Since  their  time  it  has  grown 
apaoe,  and  no  science  can  boast  of  a  more  rapid  develop- 
ment.* 

The  etndent  will  do  well  to  mark  that  the  great  advance 
made  by  Hutton  and  Smith  was  won  by  systematic  hard 
work  in  the  field;  and  he  must  hear  in  mind  that  uo 
further  progress  can  be  made  except  in  the  same  way  i 
what  may  be  called  laboratory  work,  indispensable  as  it  is, 
avaUs  little  or  nothing  in  Qeology,  unless  it  rest  on  the  firm 
basis  of  field  investigation.      Observations  made  out  ol 

*  For  mora  partienlan  h  to  Introdaction.    Carl  Vofrt.  Lehi* 

tlis  history  of  Oeoloay,  we  Lyell's  bach  der  Qeotogie  nnd  Patrelao 

Piinmples.  voL  i.  abiaps.  ii. — v. ;  tankniide,      voL    ii.     882 — 747> 

Fhilliu,    w«mi«1    of    Gsology,  Dknbr^e,  Etodea  (or  le  M^temor- 

ehap.  I. ;  Conybaaie  and  Fhillipi,  phiame.      If  imoiTea  pr^untea  i 


GmIcwv  of  Enffland  and  WiJea,       r  Actdfr"'"  'i***  ^i*ffi^MM,  h 
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doors  need  to  be  followed  up  bj  indoor  work,  if  we  aro  to 
interpret  them  arig;Iit,  but  Geology  ia  fundamentally  an 
open-air  study. 

Before  going  further,  it  will  be  well  to  inquire  how 
much  of  me  earth  lies  sufficiently  within  our  ken  to  be 
properly  the  subject  of  geological  investigation.  Sea  and 
river  clifft,  the  beds  of  brooks,  quarriee,  railway  cuttings, 
and  other  artificial  openings,  show  us  what  is  found  to  a 
small  depth  below  the  surface,  and  mines  enable  us  to  feel 
our  way  a  little  lower  down  etill ;  but  the  portion  of  the 
earth's  mass  that  we  can  examine  by  these  aids  alone,  is 
evidently  very  small  indeed. 

We  can,  however,  from  observations  made  at  or  near  the 
surface,  infer,  with  a  veiy  high  degree  of  probabili^,  what 
the  composition  of  the  earth  is  at  depths  far  exceeding  that 
of  tlie  deepest  mine. 

Suppose,  for  instance,  that  we  had  proved,  say  by  the 


Fig.  1. 

mine  shafts  ABC,  the  presence  of  the  three  groups  of 
rocks  marked  a  i  «,  in  Fig.  1 ,  and  had  found  them  always 
to  come  on  one  over  the  other  in  the  same  order,  and  to 
keep  a  regular  thickness  over  a  considerable  area ;  it  is 
highly  probable  that  these  rocks,  when  beyond  C  they 
pass  out  of  our  sight,  wUl  preserve  the  same  order  and 
thickness  in  their  underground  course.  Assuming  this  to 
be  the  case,  a  very  simple  calculation  will  give  us  the 
depth  of  any  one  group  at  a  point  JE,  and  we  can  thus 
form  a  very  probable  conjecture  as  to  the  composition  of 
the  earth  at  a  point  such  as  £  far  below  the  bottom  even 
of  the  deepest  mine.  In  this  way  Van  Decken  has  found 
that  in  parts  of  the  Coal-basin  of  Saarbrucken  the  cha- 
racter of  the  rocks  may  be  determined  to  a  depih  of  more 
than  three  mUes  below  the  surface.  In  reasoning  on  a 
case  of  this  sort  we  should  feel  still  mote  confident  in  our 
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conduBion  if  we  found,  as  we  often  do  find,  the  same 
groupB  of  rocks  reappearmg  in  the  same  order  from  below, 
as  in  the  ahAfte  at  F  and  6;  and  we  ahould  then  have 
little  hesitation  in  showing  their  undergroiind  course  hj 
some  Buch  lines  as  the  dotted  ones  in  the  figure.  We 
should  be  able  to  determino  with  more  accuracy  the  shape 
of  these  underground  oontinuAtionfl  if  we  could  observe  m 
the  intennediat«  nound  higher  rocks,  such  as  if  «/,  and 
y,  and  determine  how  the;  are  lying.  Thus,  as  Flajfair 
remarks,  "  men  can  see  much  further  into  the  interior  of 
the  globe  than  they  are  aware  of,  and  geologists  are  re- 
proached without  reason  for  forming  theories  of  the  earth, 
when  all  they  can  do  is  but  to  make  a  few,  scratches  on  the 
surface."* 

Still,  when  we  have  pushed  our  investigationB  to  the 
^raateat  depth,  that  either  direct  observations,  or  reason- 
ing that  flows  immediately  from  them,  enable  us  to  reach, 
wo  shall  have  made  outselvee  acquainted  with  no  more 
than  an  outside  shell  or  rind,  not  more  than  a  few  miles  at 
the  most  in  thickness. 

This  shell,  because  it  is  so  thin,  is  called  the  crust  of  the 
earth,  and  with  it  Geology  is  first  of  all  of  necessity  con- 
cerned. 

But  Geology  need  not  stop  here.  When  we  have 
gathered  some  knowledge  of  the  crust  of  the  earth,  we 
are  naturally  led  on  to  make  this  knowledge  a  basis  for 
speculaticms  about  the  nature  of  those  inaccessible  regions 
which  lie  bcdow  the  crust.  And  when  we  have  got  togetbOT 
something  like  a  history  of  the  formation  of  the  earth's 
crust,  we  are  prompted  to  inquire  whether  there  ever  was 
a  time  when  our  planet  was  without  a  crust,  what  was  its 
condition  at  that  time,  and  how  it  passed  from  that  condi- 
tion into  its  present  state. 

We  shall  see  presently  that  as  long  as  Geology  confines 
itself  to  the  crust  of  the  earth,  it  is  dealing  with  something 
oorreeponding  to  written  records  in  history,  and  that  the 
story  theee  t^,  is  so  dear  and  unmistakaUe  that  many  of 
its  oondusions  are  as  certain  as  those  of  any  other  of  the 
natural  adeaces ;  but  that,  when  it  comes  to  treat  of  the 
inaccessible  interior,  or  the  histoiy  of  the  earth  before  it 
assumed  Ha  present  stato,  there  is  nothing  of  the  nature  of 
a  written  record  to  guide  its  speculationB,  it  has  to  lean 
mainly  on  a  scientific  use  of  the  imagination,  with  little  or 
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DO  check  from  actual  eridence,  and  its  ooncluHioiu  ocmse- 
queatly  caimot  rise  above  th.e  rank  of  probabilities. 

Some  geob^ts  would  limit  Geology  entirely  to  a  study 
of  the  earth's  crust,  others  take  the  wider  view  of  its 
scope  just  given* 

It  will  be  seen  that  even  in  the  more  speculative  ports 
of  Geology  we  do  not  indulge  in  mere  conjecture,  but 
work  persistently  back  from  the  seen  and  known  to  the 
unseen  and  untnowu.  We  do  not  try  to  form  any  idea 
about  the  probable  oonatitution  of  tlie  invisible  interior, 
till  we  have  made  ourselves  acquainted  with  the  visible 
outside  crust ;  and  we  do  not  theorise  about  that  part  of 
the  earth'B  history  of  which  no  tangible  record  is  left,  till 
ve  have  diligently  studied  those  later  epochs  of  which, 
some  sort  of  written  account  has  come  down  to  us. 


gical  Sijciety  of  Loudon.    Qnai*      376. 
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CHAPTER  n. 

BSSCRIFTIVB  QBOLOQT. 

"Id  thBoonier  ofthshaQitoodalxui  of  itonea.    H«ay 
pnttj  eye-catcbing  thinga  were  amotiD  tham." 

WiLBILM  IIlUUK'i  TaATU 


\\l^  showed  in  the  last  chapter  how,  vith  the  growth  of 
>•  Geology,  there  sprang'  up  two  main  subdiTisionA  of 
the  science,  to  which  the  names  of  DeecriptiTe  and  Hiatori- 
col  Geology  may  be  given. 

DeiciiptiTe  Oooliqcy  or  Fatrograpliy. — The  first  of 
theoe,  which  corresponds  nearly  with  Petrography,  merely 
tella  lu  what  that  part  of  the  earth  which  is  open  to  inves- 
tigation, is  made  of ;  and  is  nothing  more  than  a  deeorip* 
tion  and  clasaification  of  the  substances  that  make  up  ula 
earth's  erast. 

Klstorioal  Oeolt^y  or  OvofMii*. — But  as  men  passed 
from  examining,  dissecting,  and  analyzing  specimens  of 
rooks  indoors,  to  the  larger  views  which  an  outdoor  study 
of  those  rocks  <mi  a  large  scale  affords,  they  came  io  see 
that  there  was  eveiy  reason  to  believe  that  the  cnnist  of  the 
earth  had  not  been  always  such  as  it  is  now,  but  that 
different  parts  of  it  had  been  built  up  at  different  times 
and  in  different  ways  out  of  pi«-existing  materials.  Hence 

*  Thii  cbapter  oonnlli  of   ft  aectB.  1  and  2,  ths  descriptioDi  <A 

maM  of  dry  detalla,   which,  for  QiiiirtE,Potaiih-Felapar,Mit:a,and 

orderly  arTanrement,  it  waa  no-  Carbooate  oF  Lime  id  sect.  3,  and 

ceaiary  to   place   together,    but  Beola,  4,  S,  and  7.  Thia  mnch  will 

which  the  rtudent  will    fljid  it  carrj  him  through  ohapa.  iii.  ir. 

tedious  to  nuuter  and  hard   to  and  v.    Before  liadiDg  chap.  -vi. 

cuij  Id  hi*  bead.    Be  nuiy,  on  he  ihould  go  throegh  the  oniitted 

Ant  raading,  oonflae  hiiiueU  to  parts  of  the  pnwaDt  chapter. 
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arose  a  second  great  Bubdirieion  of  the  sdeiLce,  which 
aims  at  answering  tlie  queetione  about  tbe  origin  of  rocks 
which  extended  study  suggests.  This  branch  of  (Jeology, 
which  is  pretty  much  the  same  as  the  Q-eogenie  of  the 
(Jermans,  Btrives  to  determine  first  of  all  how  the  different 
members  of  the  earth's  crust  were  formed ;  secondly,  the 
order  in  which  they  were  formed,  and  the  changes  in  life 
and  other  events  which  accompanied  their  formation  ;  and, 
thirdly,  tries  to  feel  its  way  back  to  those  dark  and  distant 
ages,  when  the  present  crust  of  the  earth  had  not  yet 
come  into  existence,  and  to  form  reasonable  conjectures  as 
to  what  the  earth  was  like  under  these  conditions,  and  as 
to  the  steps  it  passed  through  in  its  progress  from  them  to 
its  present  state.  Under  mis  Bub£vision  we  shall  also 
hare  to  inquire  into  the  methods  by  which  the  rocks  hare 
been  brought  into  the  positions  in  which  we  now  find  them, 
and  the  way  in  which  the  surface  of  the  ground  has  had 
its  present  shape  given  to  it. 

We  will  in  this  chapter  treat  of  so  much  of  the  descrip- 
tive part  of  Geology  as  it  seems  desirable  to  keep  aput 
from  its  historical  element. 

BnbdiTiaioni  of  DaioriptlT*  Oeology. — Descriptive 
Qeology  consists  of  two  parts,  which  may  be  t^ed 
lithology  (Xi'^tK,  a  stone),  and  Petrology  (frrpo,  rock). 

Xdtbology. — Lithology  describes  the  results  which 
would  be  arrived  at  by  a  man  who  sat  indoors  in  his 
laboratory,  and  examined  small  hand-specimens  of  different 
kinds  of  rock  brought  to  him. 

Petrology. — Petrology  tells  us  what  additional  infor- 
mation we  gain  when  we  go  out  of  doors  and  examine 
la»e  masses  of  rock  in  the  field. 

The  first  of  these  gives  us  accurate  information  as  to 
the  composition  and  minute  structure  of  rocks,  but  alone 
it  does  Httle  or  nothing  towaida  explaining  how  they  came 
into  existence  ;  indeed  it  is  doubtful  whether  purely  litho- 
logical  studies  would  even  suggest  the  idea  of  rocks  ever 
having  been  in  any  way  different  from  what  they  are  now, 
and  give  rise  to  questions  about  their  origin.  Petrology, 
however,  though  it  belongs  in  part  to  Descriptive  Oeology, 
lands  us  on  l£e  threshoM  of  the  Historical  subdivision. 
The  facts  learned  from  it,  many  of  them  such  as  no 
amount  of  indoor  examination  of  hand-specimens  would 
ever  have  taught  us,  are  decidedly  suggestive  of  the  notion 
that  rocks  have  not  always  been  such  as  we  see  them  now, 
but  have  been  produced  at  vaiioua  limes  by  various  causes ; 
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and  it  U  marnl;  from  &  boovledge  of  these  facte  tiiet  our 
speculations  aa  to  the  probable  methods  by  which  the 
Tooha  have  bera  formed,  take  their  rise. 

What  we  have  to  saj  imder  the  head  of  Lithology 
will,  perhaps,  be  better  understood  if  we  first  take  one 
or  two  actual  instances  of  the  litholo^cal  examination  of 

Instanevi  of  tli*  Lit}ioIogi(Md  Exmninfttioil  of 
Hooka. — We  have  here  a  bit  of  the  rock  called  G^ranite, 
and  have  f<amed  a  clean-frut  face  upon  it  with  the  hammer. 
A  rery  little  care  will  show  that  the  rock  is  made  up 
of  different  substances,  three  of  which  we  soon  learn  to 
distinguish  and  recognise.  One  is  of  &  dull  white  or 
pinki^  colour,  and  it  breaks  readily  along  a  number  of 
smooth  parallel  surfaces,  which  have  a  pearly  lustre ;  the 
second  is  more  like  glass  to  look  at,  and  breaks  with  the 
same  uneTSn  fracture  as  ^lass  ;  the  third  consists  of  thin 
plates  of  a  dark  colour,  with  glistening  faces,  and  can  be 
readily  split  parallel  to  these  faces  with  a  knife.  These 
three  substances  go '^  the  names  of  Felspar,  Quartz,  and 
Uica  respectiTely.  They  are  bound  together  into  a  soUd 
rock  by  a  cement  or  paste ;  but  to  make  out  ttie  nature  of 
this  would  require  more  skill  than  we  aie  supposed  at 
present  to  poesess. 

Here  again  b  another  lock,  which  we  soon  see  is  com- 
posed of  rounded  grains  of  tbe  same  substance.  Quartz,  as 
we  found  in  Granite ;  we  touch  it  with  a  little  dUute  add, 
and  it  effervesces  briskly ;  no  such  effervescence  takes 
place  when  we  beat  Qranite  in  tiie  same  way.  In  this 
rook,  then,  we  conclude  that  there  is  something  present  which 
does  not  enter  into  the  oompoeition  of  Qranite.  Break  the 
specimen  open.  There  is  in  it  a  hollow  space  lined  with 
glistening  nystals,  which,  when  touched  with  acid,  effer- 
vesce even  more  strongly  than  the  body  of  the  rook  itself, 
and  are  therefore  probably  formed  of  the  other  substance 
which  goes  to  make  up  the  rock.  This  substance  is  not 
unlike  Felspar  at  the  first  glance,  but  we  soon  learn  to 
distinguish  between  them ;  try  to  scratch  both  with  the 
point  of  a  knife,  and  Felspar  b  much  the  harder ;  Felspar 
does  not  effervesoe  with  acids ;  lastly,  while  Felspar  splits 
readily  in  only  one,  or  at  most  in  two  direotions,  this 
substance  splits  with  the  greatest  ease  along  three  sets  of 
smooth,  Bhining'  planes,  and  can  be  readily  broken  up  into 
a  number  of  pieces,  each  of  which  has  exactly  the  same 
geometrical  form.  Our  new  acquaintance  is  oalled  Carbonate 
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of  Lime,  and  the  rock  we  are  ez&muiiiig  oonsists  of  gnuiu 
of  Quarts  bovmd  together  hy  Carbonate  of  Lime. 

Now  with  regam  to  theae  Bubetances,  which  we  have 
found  to  form  the  component  parte  of  the  two  rocks  just 
mentioned,  one  point  is  important  to  notice.  Though  dif- 
ferent parte  of  the  epedmen  we  first  handled,  differ  dightlj 
from  one  another  in  composition,  some  coataining  more 
Felspar  than  Bnytbin^  else,  and  some  having  a  more  plen- 
tiful supply  of  Mica  than  others,  yet  bite  of  the  three  sub- 
stances of  which  the  rock  is  made  up,  poaseea  the  same 
physical  characters  from  whatever  part  of  the  specimen  we 
pi<^  them,  and,  if  we  subject  tliem  to  chemical  analysis, 
we  shall  find  them  to  be  approximately  invariable  in  oom- 
poaition. 

The  same  would  be  true  of  the  aeoond  rock  even  to  a 
greater  degree ;  some  parte  of  the  rock  would  be  richer  in 
Carbonate  of  Lime  than  others,  but  every  one  of  the  bits 
of  clean  Carbonate  of  Lime  that  could  be  separated  would 
he  found  to  be  absolutely  identical  in  every  respect,  no 
matter  what  part  of  the  rock  it  came  from. 

"We  have  therefore  found,  in  the  case  of  the  two  rocks  that 
we  have  bees  examining,  that  they  are  composed  of  cer- 
tain chemical  compounds,  each  of  which  has  always  pretty 
much  the  same  appearance,  breaks  eiwa^  in  tiie  same 
way,  and  keeps  always  the  same  hardness  and  chemical 


Itoflnition  of  b  XKlnsral. — Subiiaiuts  which  pctttu  th* 
properttM  jiut  mmtioned,  are  eompoud  of  dead,  matter,  and  have 
been  formed  naturally,  are  ealUd  MniEBALe. 

There  are  other  rocks  the  oonatituent  minerals  of  which, 
are  not  easily  recognised,  and  others  which  reqiiire  very 
refined  methods  to  determine  what  they  are  mode  of ;  but 
in  all  cases  rocks  can  be  shown  to  be  made  up  of  one 
or  more  of  those  substances  to  which  the  general  torm 
"mineral"  is  applied.  The  cases  where  large  rock  masses 
consist  of  only  a  single  mineral  are  very  rare  in  com- 
parison with  those  where  several  minerals  are  mixed  to- 
gether to  fonn  the  rock. 

Dsflnitioit  of  »  Soek. — ^After  repeated  examinaticais 
of  different  kinds  of  rocks,  like  those  just  described,  we 
arrive  at  the  following  definition  of  a  rock. 

jloeh  are  meehmiixumixttirei  of  certain  inorganic  *iib»tancf», 

•  It  will  be  ihown  pisKnUr  they  nuiy  be  looktd  upon  u 
that  these  Matementi  u«  in  odrrtot  enongli  foi  our  [nMnt 
muiy  owes  not  itiiotl;  troe ;  but      piupOM. 
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more  or  Ittt  defimtf  m  eharacUr  and  eompotiiiim,  known  at 
minm-ah. 

We  mav  here  meation  that  geolonsts  indude  vniei  the 
name  B<x^  all  the  Bubatanoes,  hard  and  soft  alike,  -which 
go  to  make  up  the  earth's  crust ;  day  or  loose  sand  are  as 
much  rocks,  in  the  geological  sense  of  tlie  word,  as  alate 
or  sandstone. 


SECTIOH  n— MIIIERALOGT. 

The  first  thing  which  tlie  lithologist  has  to  do  is  to  make 
himself  aoqualnted  with  the  minerals  whidx  entM  into  the 
composition  of  rocks ;  and  the  branch  of  Geology  which 
teaches  thia  is  called  Mineralogy. 

Somlwr  of  Sook-fiimuiig  Kinerali. — The  total 
number  of  known  minerals  is  rery  large  indeed,  but  of 
these  only  a  comparatively  small  number  enter  to  any 
appredalue  extent  into  the  composition  of  the  earth's 
crust,  and  witb  these  oiJy  is  it  absolutely  necessary  that 
the  geologist  should  m^e  himself  acquainted.  Thus 
suppose,  for  instance,  that  we  examined,  in  the  way  just 
described,  a  large  number  of  specuoens  of  Granite,  we 
might  find  them  all  in  the  main  made  up  of  the  ttkree, 
minerals  Quartz,  FelspaTj  and  Mica ;  but  beeides  these 
three  predominating  components,  other  minerals  would  fre- 
quently present  themaelTes.  In  many  eases,  for  example, 
we  should  detect,  in  addition  to  the  three  minerals  just 
mentioned,  long  needle^haped  prisms  of  a  black  mineral 
known  as  Schorl.  Sut  the  presence  of  Schorl  would  not 
prevent  ua  from  calling  the  rock  a  Granite,  and  looking 
upon  it  as  allied  to  other  Granites  which  were  free  from 
Schorl,  or  which  contained  other  minerals  in  addition  to  tiie 
three  normal  constituents.  We  might  use  Granite  in  a 
genwie  sense,  and  look  upon  the  echorlaceous  and  other 
forms  of  the  rock  as  different  species  of  that  genus ;  or, 
what  would  perhaps  be  better,  we  might  consider  these 
last  as  merely  varieties  of  the  apeeies  Granite. 

Minerals,  such  as  the  Schorl  just  mentioned,  which  are, 
as  it  were,  superadded  to  the  normal  constituenta  of  any 
rook,  are  called  aeeeuory  or  adumtilioui ;  the  advanced 
student  will  find  that  a  study  of  them  often  throws  light  on 
the  origin  of  rocks,  but  a  knowledge  of  them  is  not  necessaiy 
for  the  beginner. 
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A^ain,  die  metallic  ores,  ocourriug  oa  they  do  chiefly  in 
narrow  veins  and  threads,  cannot  be  looked  upon,  except  in 
some  few  instanceB,  as  rock-forming  minerals.  The  mas- 
tery of  these  then  the  beginner  may  postpone  till  he  has 
made  some  advance  in  his  studies. 

Besides  these  two  dasses  there  are  a  host  of  minerals 
seldom  met  with,  and  some  BO  rare  that  no  one  hut  a  mineralo- 
nst,  who  has  the  most  extensive  opportunities  of  research, 
has  ever  a  chance  of  even  seeing  them ;  with  these  we  may 
almost  say  that  the  geologist  has  nothinff  whatever  to  do ; 
the  beginner  certainly  need  not  trouUe  his  head  about 

When  we  put  aside  the  minerals  which  occur  only  as 
accessory  constituents  of  rocks,  the  metallic  ores,  and  the 
rare  forms,  the  number  remaining  will  not  be  large  ;  and 
it  is  of  these  only  that  we  need  treat  in  an  elementary 
work.  But  before  we  can  give  an  account  of  these  we 
must  describe,  as  far  as  spaoe  will  allow,  the  characters 
most  important  to  note  in  minerals  generally. 

Chflmioal  Compoiitloii  of  BookJbnniag  Kinarala. 
— First  of  all,  the  chemical  composition  of  minerals  falls 
to  be  considered. 

Chemists  divide  all  bodies  into  two  great  dasses :  Com- 
pound Bodies,  which  it  is  possible  to  split  up  into  two  or 
more  substances,  differing  from  each  other  and  from  the 
compound  formed  by  their  union ;  and  Simple  Bodies,  or 
Elements,  which  no  one  has  yet  been  able  so  to  split  up. 

The  latt»  are  sixty-three  in  number,  but  of  them  not 
more  than  nineteen,  at  the  outside,  enter  to  any  extent  into 
the  completion  of  the  rocks  of  the  earth's  cmst. 

The  names  of  these  nineteen  elements,  and  the  qmbols 
used  by  chemists  to  denote  each,  are  given  in  the  table  below. 

The  ten  placed  in  the  first  subdivision  form  by  their  com- 
binations perhaps  as  much  as  977-lOOOths  of  the  whole 
crust ;  the  two  in  the  second  subdivision  come  next  in  im- 
portance ;  the  remaining  seven  enter  in  small  quantities 
into  the  composition  of  some  common  rock-forming  minerals, 
or  replace  in  small  quantities  the  normal  constituents  of 
these  minerals,  or  are  found  in  rock-forming  minerals  of 
only  local  occurrence. 
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A'M-jr<fiii>. 

MiUb 

^^ :  ;  : 

0. 

H. 

PotaMiuio  .    . 

.     .    K. 

Hodimn      .    . 

CWboo  .... 

.    C. 

Calcium      .    . 

.     .    C». 

H.si>«i>ui>     . 

.    .   SIg. 

Sniphiu.    .    .    . 

». 

Litiiiam      .    . 

.    P. 

Bariam  .    .    . 

.    .    Btt. 

.    B. 

.    .    Mn. 

.    .    Zr. 

Of  tiieee  elements  two  only,  Sulphur  and  Carbon,  occur 
simple  or  uuoombiiied,  m  a  etate  of  approximate  purity, 
aa  rock  masees.  All  tlie  other  elements  are  found  in  com- 
bination, and  the  following  are  the  prindp^  primaiy  com- 
pounds, which,  either  by  themselTes  or  in  a  state  of  nirther 
combination  with  one  another,  go  to  make  up  the  mass  of 
Tock~formin^  minerals : — 

1.  JFatM-  (Hydrogen  Monoxide)  H,0.  When  minerals 
eontain  water  they  are  said  to  be  MydraUd:  when  they 
are  free  from  water  they  are  deacribed  aa  Aniydrou». 

2.  Throe  adds:— 

Siiica  (Bilioon  Dioxide^  8iO^. — By  far  the  most  widely 
diffused  of  the  rook-fomung  minerals,  nearly  one  quarter  of 
the  crust  of  the  earth  being  composed  of  it.  It  occurs  un- 
oombined  as  Quartz,  and  in  combination  in  silicates  to  bo 
immediately  noticed. 

Carionie  Aeid  (Carbon  Dioxide)  CO.. 

8mhhm-ic  Add  (Hydrogen  Sulphate)  H.SO,. 

3.  Next  we  may  take  ue  following  group : — 
Ahanina  (Aluminium.  Seequioxide)  A1,0,. 
PoUuh  (Potassium  Monoxide)  KO. 

Soda  (Sodium  Monoxide)  Na,0. 

Limt  (Calcium  Konoxide)  CaO. 

Magnuia  (Magnesium  Monoxide)  MgO. 

The  silicates  of  these  substances,  with  small  quantities 
of  Lithium,  Fluorine,  and  Iron  Oxides,  make  up  the 
minerals  which  compose  the  rocks  known  as  Oiystalline. 
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The  decomposition  of  some  of  these  minerals  grvee  rise 
to  Hjdrated  Silicatefi  of  Alumina,  vhictt  mixed  with 
mechanical  impuiitieB  oonetituto  the  different  fonne  of 
clarey  rocks. 

The  most  Important  Lime  compound  is  the  Garbonsto 
(CaCOg),  which  forms  the  bulk  of  Limestone. 

The  double  Carbonate  of  Lime  and  Magnesia  {CaCO,+ 
MgCO.)  is  the  main  constituent  of  Uaguesiau  Limestone  or 
Dolomite. 

Sulphate  of  Lime,  or  Gypsum,  (CaS0j+2H,0),  occurs 
as  a  rock,  and  the  Fhoephate  (Ca^FO^)  le  not  unof^mnon 
as  an  accessoiy  mineral  and  in  Terns. 

4.  C(ttnmonSoA(8odiumChloride),  NaCl,  occureasarock. 

5.  Compounds  of  Iron.  The  following  are  the  most 
frequent ; — 

HmnatiU  or  Sptatlar  Iron  Ore  (Iron  Sesquioxide)  Fe.O.. 

BrowH  HiematiU  or  ZimoniU  (Hjdrated  Iron  Sesquioxide  J, 
2CPe,03)3(HaO).* 

MagnitiU  or  Loaiitone,  Fe.O^. 

Spathic  Iron  (Ferrous  Carbtmate)  FeCO,. 

SilieaU  of  Iron,  2(FeO)8iO,. 

AU  these  substances,  except  the  last,  occur  now  and  then  in 
sulhcient  quantity  to  form  rock  masses,  and  Magnetite  liters 
in  small  quantities  into  the  compoeition  of  many  crystalline 
rocks.  But  the  most  prominent  part  iron  compounds  play 
is  in  fumishing  the  colouring  matters  of  many  rocks : 
generally  the  anbydrous  sesqiiioxide  gives  rise  to  red  tints 
of  TBiiable  intetiEity ;  the  hydrated  Beequioxide  produces 
colours  ranging  from  yellow  to  brown;  while  the  carbonate 
confers  a  grey  or  bluish  grey  hue.  Many  Tariations  in 
tone  are  caused  by  mixtures  of  the  different  iron  com- 
pounds, and  other  colours  are  produced  by  different  amounts 
of  hydration  of  the  sesquioxide.  f  Impure  Silicate  of  Iron 
is  sometimes  disseminated  through  sandy  rocks  in  sufBcient 
quantity  to  gire  them  a  green  tiuge. 

Iron  Pyrita  (Ferrous  DiBiilphide),  FeS,,  is  one  of  the 
commonest  accessory  minerals,  and  sometimee  occurs  in 
quantities  deserving  the  name  of  rock  masses.  It  may  in 
some  cases  have  tumished  by  oxidation  the  colouring 
matter  of  rocka. 

6.  Baryta    (Barium    Monoxide),   BaO,   enters  into  the 

■  For  other  Hydrates  of  Iron,  iJoa  of  Itod  in  Vuiegat«d  Strata," 

BeePtof.Bruah.SiUiinaii'aJoiira,  and  the  papew  referred  to  by 

3nd  mr.  xliv..  219.  him.    Qnart.  Journ.  Qeot.  Soc., 

t  See  Mbw,  "  On  tlie  Dispod-  sxir.  361.    Dawcon,  Ibid.,  v.  ii. 
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eompoeitioD  of  the  vacy  common  mineral  Bar]rteB  or  Sul- 
phate of  Baryta. 

7.  Ziretmi*  (Ziroonium  Dioxide),  ZrO,,  appears  aa  a 
Silicate  (Zircon)  in  certain  lOcks. 

6.  BoraeU  Acid  (Boron  Trioxide),  B^O^,  may  be  noticed 
as  a  Tolc&nic  product. 

External  Torm  and  T^*.^^^mi  strRotnre  of  Mia*- 
rmls. — Irt.  OryatelluM  Fomu. — Tlie  nexbpointe  to  notice 
about  minerals  are  their  external  form  and  internal  struc- 
ture. They  very  frequently  occur  in  the  shape  of  regular 
geometrical  solids,  bounded  by  smooth  shining  faces.  Such 
forms  are  called  Crystale,  and  the  study  of  them  Crystallo- 


Swphy. 
■Aer 


e  planes  that  bound  ciyatala  are  called  their  "  faces  " ; 
the  intermctioa  of  any  tvo  faces  is  called  an  "edge";  and 
the  point  where  three  or  more  ed^ee  meet  is  called  an 
"angle".  The  solid  angles  form^  by  the  meeting  of 
three  or  more  faces  are  the  solid  angles  of  tbe  ctystal,  and 
the  inclination  of  two  faces  to  one  another  b  called  an 
"  interfadal  angle". 

Let  OS  oonsider  one  or  two  actual  cases  of  CiyataUine 
forme. 

Here  is  a  piece  of  a  mineral  already  mentioned,  Carbonate 

(I) 


of  Lime  or  Calc  Spar  (Fig.  2,  a).  It  is  a  solid  bounded  by 
■mooth,  glistening  faces,  each  of  which  is  a  rhombus,  and 
aO  these  rhombuses  are  of  exactly  the  same  shape,  that  is, 
the  corresponding  angles  are  the  same  for  every  one.  The 
ttdid  is  i^ed  a  rhombohedion.    Knock  a  bit  off  one 
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comeF ;  it  falls  away  in  the  shape  of  a  rhombohedron, 
smaller  than  the  one  from  vhich  it  has  been  broken  off, 
but  in  every  other  reepect  exactly  aimilar  (Figs.  2,  6  ande). 
The  rhombic  faces  of  the  detached  fra^fment  have  their 
angles  exactly  equal  to  the  con'osponding  angles  of  the 
rhombuses  that  boonded  the  orig^inal  block,  and  the  cor- 
responding interfacial  angles  of  the  two  specimens  are 
exactly  equal.  Farther,  the  bit  we  have  broken  off  can 
it«elf  be  further  broken  up  into  rh<mibohedronB  (Fig,  2,  d), 
these  again  into  still  smaller  rhombohedrons,  and  in  ereiy 
case  the  shape  of  the  fragments  will  be  identically  that  of 
the  block  we  started  with. 

Cleavage. — This  property  which  the  mineral  has  of 
breaking  more  readily  in  certain  directions  than  in  others, 
and  of  breaking  in  tiiese  directions  with  a  smooth  face, 
is  called  Cleavage,  and  the  smooth  ;bcee  thus  obtained 
are  called  Planes  of  Cleavage.  We  mig^t  by  force  make 
Calc  Spar  break  in  other  directions  than  those  of  the 
Cleavage  Hanes,  but  the  surfaces  we  should  thus  obtain 
would  be  no  longer  smooth  and  shining,  but  rough  and  dulL 

But  Calc  Spar  is  found  raystaUised  not  only  in  the  shape 
of  a  rhombohedron,  but  in  hundreds  of  other  forms  besides. 
One  of  the  commonest  of  these  is  called,  from  the  -pointed 
shape  of  the  crystals.  Dog  Tooth  Spar.  Take  one  of  these 
tooth-shaped  crystals,  tap  it  gently  with  the  hammer,  and 
it  will  fall  into  a  number  of  rhombohedrons  identical  in 
every  respect  eioept  size  with  those  of  our  first  specimen. 
This  crystal,  seemingly  so  different  from  the  rhombohedron 
we  were  just  now  handling,  is  really  built  up  of  a  number 
of  elements  agreeing  wilh  it  exactiy  in  their  geometrical 
form.  This  will  also  be  found  to  be  the  case  with  all  the 
different  dystalline  shapes  under  which  Calo  Spar  is  found. 

Fundamental  Form. — The  rhombohedrmi  to  which 
all  crystals  of  Calc  Spar  can  be  reduced  is  called  the 
Fundamental  Form  of  the  mineral. 

Calo  Spar  has  been  chosen  for  the  foregoing  examjile 
because  it  cleaves  readily  parallel  to  all  the  faces  of  Its 
fundamental  form.  In  other  ciyBtaUised  substances  cleav- 
age can  be  obtained  only  in  two  or  one  directions ;  and  in 
others  not  at  all,  or  only  with  the  greatest  di£B.culty. 

The  student  may  abo  easily  v^^  for  himself  another 
case  in  which  one  crystalline  form  may  be  made  to  pass 
into  another  by  means  of  cleavage,  viz.  that  of  Fluor  Spar. 

This  mineral  is  found  frequently  eryBtalliaed  in  cubes, 
Hocn  as  Fig.  3,  a     If  a  knife  be  placed  near  one  of  the 
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ft&g^  of  the  cube,  toacbing  ihe  face  A  £  C  S  in  a.  line 
parallel  to  the  diagonal  A  C,  and  equally  inclined  to  the 
three  faces  that  meet  in  B,  and  then  firmly  pressed  acainst 
the  crjBtal,  a  bit  will  Ay  oS,  bounded  by  tnangularlaces, 
and  the  crystal  be  reduced  to  the  shape  in  Fig.  8,  J,  If  each 
of  the  angles  be  Seated  in  the  same  way,  the  whole  crystal 


/ 

/ 

/ 

X 

Fig.*. 


may  be  similarly  modified.  We  shall  then  find  that  ve 
may  oontinue  to  split  ofi  slices  parallel  to  faces  correspond- 
ing to  a  i  0,  till  the  crystal  is  reduced  to  the  shape  in 
Fig.  3,  c,  which  is  a  solid  bounded  by  air  aqtmres,  each  of 
wMch  is  formed  by  joining  the  middle  points  of  the  edges 
of  each  face  in  the  original  cube,  the  dotted  figure  »fg  k, 
in  fact  of  Fig.  3, 1,  and  eight  equilateral  triang^.  By  still 
further  continuing  the  process  the  square  f acee  grow  smaller 
r,  till  tiie  oyatal  is  at  last  reduced  to  the  shape 
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of  Fig.  3,  d,  vMch  is  a  regrilar  octohedron,  "bounded "by  eight 
faoee,  each  of  which  is  an  equilateral  triangle.  £ach  of 
the  aagloB  of  the  octohedron  occupies  what  waa  the  centi^ 
of  a  face  of  the  original  cube,  the  relatire  position  <^  which 
is  ehown  by  dotted  lines. 

By  similar  reaBoning  to  that'  just  described  it  has  been 
ascertained  that  all  the  multitudinous  and  complicated 
cryBtalline  forma  met  with  in  Nature  may  be  reduced  to  a 
few  simple  shapes,  of  which  it  is  oeual  to  reckon  some 
dozen  ae  fundamontal. 

These  we  will  now  describe,  first  adding  to  the  definitions 
already  given  the  following : — 

Axfli  of  CTTstala.—"  ^e  Axes  of  a  ci^tal "  are  imagi- 
nary lines,  about  whiuh  the  oyetal  is  symmetrica^y 
arranged.  They  connect  either  opposite  angles,  or  the 
centres  of  opposite  faces,  or  the  middle  points  of  opposite 
edges.  We  have,  therefore,  in  any  symmetrical  cryatal 
several  sets  of  axes  to  choose  between.  Tha  choice  how- 
ever is  not  arbitrary,  that  set  being  selected  in  each  case 
which  optical  or  other  properties  of  the  crystal  prove  to  be 
related  to  its  intimate  molecular  oonstitutiou. 

EnuaeTatiou  of  Frtndtuasstal  Tormm. — ^The  Funda- 
mental Forms  are  as  foUowe : — 

Ist.  PaigKATio  FoaMfl. — If  we  take  any  two  plan© 
figures  ezact^  alike  in  every  respect,  place  them  so  that 
each  side  of  the  one  shall  be  pardlel  to  the  corresponding 
side  of  the  other,  and  then  join  the  oorrespondiiig  ^^E^^^ 
by  straight  lines,  the  solid  so  endoeed  ia  a  prism.  The 
two  similar  plane  figures  are  called  "the  ends  ,  the  other 
bounding  figures,  i^dch  it  is  easy  to  see  must  be  j^rallelo- 
grams,  are  called  the  "lateral  faces",  and  their  inter- 
sections "lateral  edges".  The  line  joining  the  centres  of 
.  the  ends  is  called  the  "  longitudinal  axis" ;  the  other  axes, 
called  "  transverse  axes",  connect  either  the  centres  of 
opposite  lateral  faces  or  the  middle  points  of  opposite 
lateral  edges.  It  is  easy  to  see  that  the  tranyerae  axes  lie 
in  a  plane  of  the  same  ^lape  and  size  as  the  ends. 

Prisms  are  classed  a4Xording  to  the  shape  of  their  ends  ; 
a  prism  with  square  ends  is  a  square  jorism,  one  with 
hesagonal  ends  an  hexagonal  pnsm.  Further,  if  the 
longitudinal  axis  is  perpendicular  to  the  ends,  the  prism  is 
a  "right  prism";  if  not,  an  "oblique  prism". 

Among  the  fundamental  farms  of  minerals  the  following 
are  prismatic : — 

1  a.  BiOHT  Pkisms. — ^Lateral  faces  rectangles ;  longitudi- 
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nal  axis,  as  it  is  easy  to  see,  always  perpendicular  to  the 
transreree  axes. 

2%«  eubt.  Bounded  by  eight  equal  squares.  The  axes 
connect  centres  <rf  opposite  faces,  are  all  equal  and  perpen- 
dicular to  one  another. 

7^  riyht  tquare  pri»m.  Ends  squares.  Transverse  axes 
connect  centres  of  opposite  lateral  faces,  they  are  equal  and 
perpendicular  to  one  another,  but  not  equal  to  the  longi- 
tudinal axis. 

7^  right  re^attgtdar  pritm.  Ends  oblongs.  Axes  connect 
centres  of  opposite  faces,  are  perpendicular  to  one  another, 
and  all  unequaL 

The  right  rhombie  pritm.  Unds  rhombuses.  Transverse 
axes  connect  centres  of  opposite  lateral  ed^es;  they  are 
therefore  the  diagonals  of  a  rhombus,  and  so  at  right 
angles  to  each  other,  but  unequal ;  they  are  also  unequal 
to  the  longitudinal  axis. 

Tht  right  rhotrAind<ii  pritm.  Ends  rhomboids.  Axes  con- 
nect centres  of  opposite  faces.  They  are  all  unequal,  and 
&e  transverse  axes  cross  one  another  obliquely. 

The  right  hexagonal  pritm.  Ends  regular  hexagons. 
Transverse  axes  connect  either  centres  of  opposite  lateral 
faces,  or  middle  points  of  opposite  lateral  edges  ;  they  are 
equal,  and  form  tuigles  of  60  with  each  other,  but  are  not 
«qual  to  the  longitudinal  axis. 

It.  OsLiatTE  Fkiskb, — Lateral  faces  parallelograms ;  longi- 
tudinal axis  oblique  to  plane  conttumnK  tranverse  axes. 

OiUgvt  rhombie  pritm. — Ends  rhombuses.  Transverse 
axes  connect  middle  points  of  lateral  edges.  They  are 
therefore  the  diagonals  of  a  rhombus,  and  are  unequal  and 
perpendicular  to  each  other. 

Obliqtu  rhomboidal  prism. — Ends  rhombcnds.  Transverse 
axes  as  in  the  last  They  are  therefore  the  diagonals  of 
a  rhomboid,  are  unequal  and  cross  one  another  obliquely. 

In  both  these  forms  the  longitudinal  axis  may  be  per- 
pendicular to  one  and  oblique  to  the  other  of  the  trans- 
verse axes;  or  it  may  be  oblique  to  both  of  them.  In  the 
latter  case  the  prism  is  said  to  be  doubly  oblique. 

2nd.  PyxAuiDAi,  Fouis. — If  we  dravr  straight  lines  to 
the  angles  of  a  plane  figure  from  any  point  outside  its  plane, 
the  s<nid  so  enclosed  is  a  pyramid.  The  plane  figure  is 
called  the  base,  the  other  bounding  figures,  which  are 
evidently  triangles,  the  faces :  the  point  is  called  the  vertex. 
If  the  une  connecting  the  vertex  with  the  centre  of  the 


)  by  Google 


24  eEOLOQT. 

base  is  peroendicular  to  Hid  latter,  tEe  pTtamid  is  h  ri^t 
pyramid ;  if  not,  an  oblique  pyiajnid. 

The  ftjlowiag  pyramid  forms  occni : — 

7^  refulor  oetohtdron.^-ll  we  take  two  pyramide,  with 
equal  squaxe  ba^ee,  and  faces  equilateral  trianglra,  and 
place  them  base  to  base,  we  get  due  solid.  The  asee  con- 
uect  opposite  angles,  and  are  evidently  ell  equal  and  at 
right  angles  to  each  other. 

The  smart  oetehedron. — This  solid  is  formed  by  putting 
base  to  base  two  pyramids,  whose  bases  are  equal  squares 
and  faces  equal' isosceles  triaagles.  The  axes  connect 
opposite  anglee ;  two  being  the  diagonals  of  a  square,  are 
equal  and  at  ru'ht  angles  to  one  another ;  the  third  is  at 
ri^t  anglee  to  these  two,  but  not  necessarily  equal  to  them. 

Two  more  forms  remain  to  be  described. 

Tie  rhomiio  dodecahedron. — A  solid  bounded  by  twelve 
equal  rhombuses.  The  axes  connect  opposite  angles.  It 
is  hopeless  to  attempt  to  make  the  student  realise  tue  shape 
of  this  solid  either  by  description  or  a  plane  figure,  bui  he 
may  easily  construct  a  model  of  it  as  follows.  Let  him  cut 
out  in  stiff  paper  or  cardboard  a  figure  like  that  in  IHg.  4. 


Then  bend  np  the  four  rhombuses  A^,  BL,  CS,  and  BF, 
round  the  lines  AB,  BC,  CD,  DA  respeotiTely,  tiU  the 
edges  NB,  MB  come  together,  and  also  tSe  edges  DM,  D  G, 
and  paste  a  strip  of  thm  paper  over  the  joining  edges  to 
keep  them  togeUier.  He  will  then  have  formed  one-half 
the  solid,  which  will  stand  on  the  face  A  B  CD ;  the  other 
half  may  be  formed  in  exactly  the  same  way,  placed  on  the 
top  of  the  half  first  formed,  and  the  two  joined  together  by 
pastiiig  strips  of  thin  paper  along  the  edges.  The  dodeca- 
hedron BO  formed  will  have  two  of  its  opposite  faces  open. 
Now  let  him  pass  a  thread  from  A  and  C  to  the  opposite 
angles,  and  anotlier  from  the  point  where  .ZTand  Jf  have 
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Iteen  brought  togetlier  to  ihat  where  H  and  G  have  beea 
brought  together.  These  threodB  are  the  axes,  and  by 
looking  through  tbo  open  faces,  a  little  geometrical  reason- 
ing  will  show  that  they  are  equal  and  perpendicular  to  one 
another. 

Th«  rhimioitdtvH. — ^A  eotid  bounded  by  eight  equal 
rhombuBee.  Of  this  the  student  had  better  make  a  model 
thus.    Cut  out  the  figure  in  Fig.  5 ;  bend  up  along  the 


7ig.S. 


lines  CD,  EF,  OS,  till  KL  and  AS  annoide,  and 
fasten  the  two  latter  together  with  a  strip  of  paper  and 
gum.  This  will  give  a  rhombohednm  with  two  faces 
open.  He  will  find  that  the  three  plane  an^es,  which 
contain  the  solid  angles  at  C  and  &,  are  all  eqiml,  but  that 
such  is  not  the  case  ,w>th  the  other  solid  angles.  C  and  G 
are  called  the  vertices,  and  the  edges  that  meet  them  are 
called  vertical  edges ;  the  other  six  edges  are  called  lateral 
edges.  Threads  connecting  the  middle  points  of  opposite 
lateral  edges  wiU  be  the  transverse  axes ;  they  are  easily 
seen  to  be  the  lines  connecting  the  opposite  angles  of  a 
regular  hexagon,  and  are  therefore  equal,  and  inclined  at 
angles  of  60°  to  each  other ;  a  thread  connecting  the  two 
vertices  is  the  longitudinal  or  principal  axis ;  it  is  evidently 
perpendicular  to  the  transverse  axes. 

It  is  clear  that  the  rhombohedron  is  only  that  particular 
case  of  the  oblique  rhranhio  prism  in  which  all  the  edges 
are  equal.  One  main  reaaon  for  making  it  a  distinct  form, 
and  giving  it  the  above  set  of  axes,  is,  that  optical  pheno- 
mena show  that  the  principal  axis  is  intimately  ootmected 
with  the  molecular  structure  of  the  crystal. 

QLassiflfiAtloiL  of  Pnudajiiuttel  Forms. — The  funda- 
mental forms  just  described  are  classed  according  to  the 
number,  relative  dimensions,  and  inclinations  of  their  axes 
in  the  foUowing  six  systemB. 
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Forvu  with  (kret  axes  dU  perpmtdteular  to  one  aHoiher. 
1.  Uonometric,  Isometric,  Teeseral,  Cubio,  or  Begular 
SyBtem.     Area  all  equal. 

Cube,  Itegular  Octahedron,  Hhombic  Dodecabedron. 

".  Dimetnc,  I^ramidal,  or  TetragouBl  Byetem.      Only 


lual  axes. 
[Mt  equare  p 
Trimetrie,  Khombic,  Orthoiiiombic,  or  Bhombobedral 


;wo  equs 
Eiglit 


equare  priBm.     Square  octohedron. 


Axee  all  unequal. 
Kigbt  rectangular  prism.     Bigbt  rbombio  prism. 

Formt  uritA  three  axet,  not  all  p&rpmdieular  to  each  other. 

4.  UoDodinic  or  Oblique  System. 

Axes  all  unequal ;  two  perpendicular  to  each  other,  one 
of  these  two  being  perpendioular  and  tlie  other  oblique  to 
the  third  axis. 

Bight  Bhomboidal  I^nsm.  Oblique  Khombic  Prism,  in 
which  the  longitudinal  axis  is  peipeiidicul&r  to  one  of  the 
traneTerse  axes. 

5.  Triclinic  or  Anoithic  System. 

Axes  all  unequal  and  all  oblique  to  one  another. 
Doubly-oblique  Rhombic  Priam.    Doubly-oblique  lUiom- 
boidal  Prism,* 

Fornu  aith  /ow  axet;  three  trantftru,  equal,  and  making 
angle*  of  60°  teith  one  another .-  toiyitudinal  perpendunUar  to 
tranwerte  and  not  equal  to  th^n. 

6.  Hexagonal,  Bhombobedral,  Hhomboidal,  or  Monotri- 
metric  System. 

Hexagonal  Prism  and  Khombohedron.| 

]^ws  of  CrystaJlise  Form. — The  following  are  the 
two  main  laws  respecting  Cleavage  and  CWBtalline  Form. 

(1.)  Clearage  takes  place  paraUel  to  the  laoes  of  a  funda- 
mental form,  or  to  the  diagonals  of  a  face. 

*  "Par  that  farm  of  Uie  Oblique  has    ersr    been    met   wiilt    in 

Bhomboidul  Prism,  in  nbiob  the  natun. 

longitudinal  nxii  ii  perpendiculikT  t  Tbe  student  vill  find  models 

to  one  of  the  troiuTerse   axes,  ■  vary  great  ud  to  imdentanding 

pome  authors   have  invented   a  ttte  form  of  crfsta]!.    He  cannot 

Diciioic  6rBtem,  ia  which  there  do  batter    than  conatmot  them 


are  two  axea  perpendicular  to  one      wboll;  himielf.    Foil  direction! 
another,  and  a  third  oblique  '  '"  -       .    ■      ". 


ally  nil 

___ ^  ...  1  be  .   ...  , 

both  then  two;    but   it    Kem*      Cr3rRtallograph7,  by  J.  B.  JotdJui. 


doubtful  whether  auoh   a   (bnn      Mniby,  1873. 
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(2.)  Bodies  'which  have  the  same  ehemical  compoeition 
take,  Then  they  cryetalliBe,  either  the  same  cryBtalline 
ahape,  or  shapes  wMch  earn  be  reduced  to  the  same  funda- 
mental form.* 

The  following  are  the  three  principal  exceptione  to  the 
latt«t  law. 

1.  Polymorphimt. — Some  Bubetances,  while  retaining' the 
same  chemical  compoeition,  are  capable  of  assuming  crye- 
taUine  Bhapee  belonging  to  two  or  more  different  ejetems. 
This  is  spoken  of  as  Ihmorphism  when  t}ie  different  crys- 
talline wapea  are  two  in  number ;  Trimorphisia  when  they 
are  three ;  and  so  on. 

Sulphur,  for  ioatance,  raystaUifies  both  in  octohedral  and 
prismatic  forms,  and  is  dimorphic. 

2.  Itomorphitm  or  Somieomorphitm. — In  some  cases  two  or 
more  bodies,  differing  in  chemical  compoeition,  may  replace 
each  other  in  the  composition  of  a  mineral,  without  altering 
its  crystalline  form.  Such  substances  are  said  to  be  Iso- 
mOTphous  or  Homceomorphous  with  each  other. 

Thus,  for  instance,  I^me,  Uagnesia,  and  Protoxide  of 
Iron  are  isomorphous  substances,  which  replace  one  another 
in  many  mineralB,  without  producing  any  alteration  in  the 
crystamne  shape. 

The  replacement  is  well  seen  in  the  case  of  the  group  of 
minerals  knotm  as  Qameta.  The  chemical  compoeition  of 
all  these  mB.y  be  represented  by  the  formula> — 

3(EO)2(8iO,)+E,0,SiO„ 
when  B  in  the  first  bracket  is  sometimes  Calcium,  some- 
times Iron,  sometimes  Magnesium. 

3.  Pttudomorphigm.  —  This  occurs  vhen  a  cirstal  has 
the  raystalline  form  characterietic  of  one  mineral  and  the 
chemical  composition  of  another.  For  instance,  Carbonate 
of  Lime  cryBtaUises  in  rhombohedrons,  Quartz  in  six-sided 
prisms  i  we  do  find,  hoTever,  raystals  of  Quartz  having 
the  exact  shape  and  angles  of  a  rhombohedron  of  Carbonate 
of  Lime.  Such  a  crystal  is  called  a  Fseudomorph,  and  in 
the  case  mentioned  would  be  described  as  a  Fseudomorph 
of  Quartz  after  Carbonate  of  Lime. 

Fseudomorphs  are  arranged  in  the  followibg  daeses 
according  to  meir  mode  of  formation : — 
A. — I^plaoement  Fseudomorphs. 

■  Verf  tmall  T»mtions  hnre  itauce.  Theae  ue  probably  due 
boon  notieed  in  the  angles  of  d"-  *"  **—  "™™""  "'  — "  .."-"«•.■— 
terent  cryetsU  of  the  oune  it 
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(A  a)  JBy  in«rtutatio»,  when  one  minetol  has  coated  over 
a  crretal  of  another  mineral. 

[A  h)  Sy  rtplaeemtnt,  Then  the  sabstance  of  one  mineral 
has  been  removed,  and  its  place  taken  by  another  mineral, 
the  subetitution  havine  proceeded  atom  by  atom,  ao  that 
the  ciyetalline  form  ana  sometimes  the  cleavage  of  the  .first 
minenil  is  retained. 

B. — Alteration  Psendomorplis. 

fB  a).  Bj  the  removal  of  conetituentB. 

(B  J).  By  the  addition  of  new  constituents. 

(B  e).  By  the  taking  away  of  aome  oonstituentB  and  their 
t«^acement  by  others. 

TDiaB  there  are  two  minerals,  Belenite  and  Anhydrite, 
ea«^  of  which  occora  in  the  ciystalliue  form  of  the  other ; 
the  first  is  a  hydrated,  the  second  an  anhydrous  Sulphate 
of  Lime.  When  we  fine  Selenite  under  the  fonn  of  Anhy- 
drite, one  oonstituent,  the  water,  has  been  removed,  and 
the  case  oomes  onder  (B  a).  Conversely,  Anhydrite  in  the 
fonn  of  Selenite  comee  under  (B  h).  Again  we  find  Car* 
bonate  of  Lime  with  the  crystalline  form  of  Selenite. 
Here  the  Carbonate  of  Lime  may  have  been  decompoeed, 
and  Sulphuric  Add  put  in  the  plaoe  of  Carbonic  Acid,  and 
wa  should  then  have  an  instance  of  (B  «).  But  the  change 
may  be  produced  by  the  gradual  removal  of  the  Carbonate 
of  Lime,  and,  as  each  atom  is  taken  away,  by  a  oorreepond- 
ing  atom  of  Selenite  being  put  in  its  place,  and  then  the 
Fseudomcorb  would  be  put  in  the  claaa  (A  I). 

The  study  of  Pseudomorphs,  specially  those  of  the  last 
claaa,  often  throws  great  light  on  the  stepa  through  which 
a  rock  has  passed  Imore  it  reached  its  present  form.  Thus, 
in  many  rocks  which  contain  Chlorite,  this  mineral  can  be 
shown  not  to  have  been  one  of  the  original  constituents  of 
the  rock,  but  to  have  been  formed  by  the  alteration  of  Horn- 
blende or  Augite.  And  thuB  we  learn  that  certain  chloritia 
rocks,  though  they  now  differ  from  others  of  Homblendio 
composition,  may  have  been  originally  identical  with  the 
latter  and  formed  in  the  same  way. 

Forma  which  are  sometimes  called  Pseudomorphs  are 
alao  produced  in  this  way.  A  crystal  is  removed  m  solu- 
tion, and  the  mould  thus  formed  is  afterwards  filled  up 
with  a  non-cryHtalliaed  substance,  and  so  a  oast  of  the 
crystal  is  formed.  Thus  cryatals  of  Common  Salt  ore 
sometimea  farmed  by  erapotation  on  the  margin  of  a  salt 
lake  ;  the  crystals  are  afterwards  dissolved  away,  and  the 
hollowB  produced  filled  np  with  mad,  and  a  model  of  the 
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crystals  formed  in.  the  latter  substance.  Uud-oaats  of  the 
orystaU  of  other  salts  beudee  Oommon  Salt  have  also  been 
noticed,  of  prismatic  CTTStals  of  6ulpliate  of  Magnesia  foi 
instance  (Gml.  of  Canada,  Beport  to  186S,  p.  346). 

For  details  respecting  the  exceptions  noted  above,  the 
student  must  refer  to  vorks  on  Mineralogy. 

Sxtonwl  Form  utd  Itttental  ftriutnra  of  Miaa- 
ral>. — 2nd.  Amorphons  Forma. — When  minerals  have 
neither  external  cryBtallins  form  nor  internal  ciTetalliiie 
structure,  they  are  said  to  be  amorpAout. 

Among  amorphous  forms  the  following  are  the  most 
important : —  t 

Tht  OUufy. — At  first  sight  no  two  things  con  seem  to 
be  so  tot^^  distinct  as  a  weU-tTystallisea  and  a  glassy 
mineifd.  The  regular  geometrical  form  of  the  one,  and 
the  smooth  glistening  faces  along  which  it  breaks,  con- 
trast in  the  most  muled  way  with  the  shapeless  lumps 
and  ^  rough  uneven  fracture  of  the  other.  The  same 
minCTsl,  However,  is  often  capable  of  assuming  both 
shapes,  and  experiments  lead  ne  to  the  belief  that  it  is 
the  conditions  under  which  they  are  formed,  that  decide 
whether  minerals  shall  be  glassy  or  crystalline.  Thus,  if 
a  body  harden  from  a  state  of  fusion,  it  has  been  observed 
ID  many  cases  to  take  the  shape  of  a  glass  if  it  cools 
quickly,  and  to  crystallise  if  it  cools  bIowIv.*  And  some 
substances  have  been  found  to  change  slowly  from  a  glass 
into  an  imperfectly  crystalline  mass  by  a  gradual  rearrange- 
ment of  their  molecules. 

Th»  Colloid,  Oelatinout,  or  J»lly-lik». — ^By  certain  chemi- 
cal processes  some  minerals,  Silica  for  instance,  can  be 
,  precipitated  from  solution  in  a  gelatinous  or  jelly-like 
form.  Minerals  occur  in  nature,  with  very  much  the  look 
of  hardened  jelly,  which  there  is  good  reason  to  behave 
were  formed  fay  a  similar  operation. 

The  Granular,  when  a  mineral  consists  of  grains  with- 
out external  crystalline  form.  The  grains  may  be  rounded, 
or  irregularly  angular.  Such  a  structure  is  often  obtained 
when  a  substance  is  precipitated  from  solution  too  rapidly 
to  allow  of  its  molecules  arranging  themselves  in  crystal- 
line forms.  And  if  minerals  are  broken  up  by  mechanical 
force  and  the  fragments  in  any  way  bound  together  again, 
a  granular  substance  wiJl  result.     If  the  fragments  are 
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tolled  about  and  rubbed  against  one  another,  by  running 
water  for  instanoe,  the  grains  beoome  rounded ;  but  if  no 
such  action  takes  place,  they  are  sharp  and  angular. 

When  eubatanoee  can  exist  under  two  or  more  physical 
conditionB,  they  are  said  to  be  Alhtr^ie.  As  an  instance 
of  Allotropism  we  'may  take  Carbon,  which  occurs  under 
the  three  forms  of  the  Diamond,  Graphite,  and  Charcoal. 

Othsr  Fropartifls  of  Xinflrals. — There  are  many 
other  properties  of  minerals,  besides  their  chemical  compo- 
sition, form,  and  structure,  which  are  of  use  in  enabling 
US  to  recognise  them.  Of  these  tests  we  shall  specially 
notice  only  those  which  are  of  easy  application  and  avail- 
able in  the  field. 

Streak  is  the  colour  of  a  scratch  made  on  a  mineral,  or 
of  the  mark  which  it  makes  on  paper  or  a  bit  of  unglazed 
porcelain. 

The  Colour,  Luiire,  and  li-antparmey  are  other  charac- 
teristics it  is  often  useful  to  note. 

[Die  Sardneai  of  a  mineral  is  a  most  useful  test.  It  can 
be  determined  either  by  drawing  a  knife  or  file  across  the 
mineral,  or  by  seeing  what  minerals  it  can  scratch  and 
what  can  scratch  it. 

^lineralogists  have  a  fixed  scale  of  hardness ;  the  geolo- 
gist soon  leams  by  use  the  relative  hardness  of  the  few 
minerals  he  has  to  deal  with. 

Allied  qualities  are  D-aefur«,  or  the  nature  of  a  freshly 
broken  surface,  fVangililitg,  and  Toughnett. 

The  Weight  should  also  be  noticed.  A  rough  determina- 
"tion  in  the  hand  is  sometimes  useful  in  the  fiSd. 

Some  soluble  minerals  have  T(uU,  and  others  can  be 
made,  by  rubbing  them  or  breathing  upon  them,  to  give 
off  characteristic  Odours. 

The  properties  of  minerals  connected  with  Light,  Elec- 
tricity, and  Magjietitm  cannot  be  entered  into  in  an  ele- 
mentary treatise,  beyond  mentioning  the  fact  that,  as  the 
field  geologist  is  seldom  without  a  pocket-compass,  he  has 
about  him  the  means  of  finding  out  whether  a  mineral  is 
magnetic  or  not. 

The  above  sketch  of  the  principles  oi  Mineralogy  is  all 
we  have  room  for  here.  T^e  student  who  wishes  to  go 
more  fully  into  the  subject  m^  consult  Dana's  "  Uauual 
of  Mineralogy,"  Bristow's  "  Glossanr  of  Mineralogy;" 
Nichols's  "Elements  of  Mineralogy,"  Mitchell's  Crystal- 
lography in  "  Git's  Circle  of  the  Sciences,"  Butley's 
"  Mineralogy "    (Murby's    Science    Series),    Naumann's 
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"  Elemente  der  Mineralogie,"  Naumoim's  "  Elemente  der 
theoi'etiBch.eii  KTyBtaUograpliie,"  and  FhiUipe's  "  Miner- 
alogy  by  Brooke  and  MiTltvp  "  FerKapB  the  most  complete 
treatue  in  English  on  the  subject  is  Dana's  "  Byetem  of 
Mineralogy." 


We  may  now  pass  on  to  the  descriptioik  of  that  small 
body  of  minerals  out  of  which  the  great  mess  of  rocks  is 
made  up,  arranging  them,  as  near  as  ma;  be,  in  the  order 
of  their  relative  importance. 

A. — MmE£AU  OOMPOSKD  OF  SlUOA. 

The  minerals  of  this  olass  may  be  divided  into  two 
groupB  according  as  the  Silica  that  enters  into  their  com- 
position is  Anhydrous  or  Hydrated.  The  main  constituent 
of  the  first  class  is  Anhydrous  Silica  or  Silicon  Dioxide 
(8iO,).  Various  forms  of  Hydrated  Silica,  differing  in  the 
amount  of  water  they  contain,  are  known  to  chemists,  the 
most  important  being  Silicic  Acid  or  Silicic  Anhydride 
8iO.,2H,0.* 

Silicon  Dioxide,  when  ciystallised,  has  a  specific  gravi^ 
of  2*6 ;  it  is  insoluble  in  any  acid  except  hydrofluoric  aciij, 
and  is  dissolved  under  ordinaiy  circumstances  only  very 
slowly  in  boiling  solutions  of  caustic  alkali.  We  can, 
however,  by  certain  chemical  processes,  f  produce  a  solu- 
tion, from  which  Hydrat«d  Silica  may  be  precipitated  in 
an  amorphous  or  non-ciystalline  state.  We  can  also,  by 
the  method  known  as  dialysis,  obtain  a  solution  of  pure 
Silicic  Acid  in  water,  and  from  this  Hydrated  Silica  will 
separate  out  in  a  jelly-like  or  gelatiuoue  form.  Silica 
obtained  by  either  of  these  methods  has  a  specific  gravi^ 
of  2'2  to  2-3.  After  it  has  been  precipitated,  or  hals 
gelatinised,  it  becomes  again  insoluble,  and  can  be  ob- 
tained in  solution  afresh  only  by  repeating  the  process  by 
which  the  solution  was  originally  procured. 

It  should  also  be  noted  that  Silica,  in  a  nascent  state, 
that  is,  when  just  set  free  from  combination,  is  more 

*  Watti'H  Dictionw;  of  Che-  t  Boscoe,     Leeaoni    in    Ele- 

miatry  and    Ijuppleineula,   Arts.      Bieiitu;     Chemutry,     p.    113 ; 
" Silica," "Qiuulz,"  and  "Opal."      Chendcid  Nswi^  vol.  xiii.  p.  1S7. 
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readily  soluble  in  acid  or  ftlkaline  watera  than  in  its 
ordinary  Btete.  In  this  vay,  wheia  minerals  containing 
silicates  are  deoompoeed  by  natural  oauses,  a  portion  of 
the  Silica  is  taken  up  and  carried  away  in  the  water  of 
springs  or  rivers,  and  thus  the  water  both  of  lakes  and 
of  the  eea  holds  some  Silica  in  soIutioD.  This  process  ia 
f  acUitated  by  an  increase  of  temperature  and  preasure. 

Quarts. — Anhydrous  Silica,  pure,  or  coloured  by  small 
quantities  of  Oxide  of  Iron  and  other  impuritjes. 

It  oocurs  crystallised  in  six-sided  prisms,  terminated  by 
six-sided  pyramids,  or  in  double  six-sided  pyramida,  or  in 
modifications  of  these  forme,  belonnng  to  the  Hexagonal 
Bystem.  No  dearage.  Hard  enough  to  scratch  glass  with 
ease.  Specific  gravity  when  dystallised  25  to  2-8.  In- 
fusible ^one  before  the  blowpipe,  with  soda  fuses  to  a 
transparent  glass.  The  crystals  known  as  Bristol,  Buxton, 
or  Irish  Diamonds  aro  dear  transparent  Quarts ;  coloured 
purple  or  blue  by  Oxide  of  Manganese  it  forms  Amethyst ; 
other  coloured  varieties  have  special  names. 

Quartz,  as  a  constituent  of  rocks,  occaeionally  occurs  in 
oirstals ;  in  most  cases,  however,  it  has  no  external  crys- 
tolline  form,  but  occurs  m  rounded  glassy  grains  or 
"blebs,"  orinmassesof  an  opaque,  milk-white  colour ;  in 
the  latter  state  it  very  frequently  forms  veins,  and  hence  is 
known  aa  "  Vein  Quartz,  Many  rocks  also  are  in  a  large 
measure  composed  of  Sand,  whidi  is  a  collection  of  grains 
of  Quartz  worn  and  rounded  by  mechanical  means. 

The  great  hardness  of  Quartz,  tlie  absence  of  any 
cleavage,  and  its  conchoidal  fracture,  will  enable  the 
student  readily  to  distinguish  Quartz  from  any  mineral  he 
has  much  to  do  with. 

<^al. — Hydrated  Silica,  mixed  in  the  varieties  known 
as  CoQunon  Opal  or  Half  Opal  with  Peroxide  of  Iron, 
Alumina,  Lime,  and  other  impuritieB.  The  proportion  of 
water  ranges  up  to  13  per  cent.  Amorphous  conchoidal 
foacture.  Sperafic  gravity  1-9  to  2-3.  There  is  every 
reason  to  believe  that  Opal  is  hardened  gelatinous  Silica, 
produced  in  rocks  by  the  decomposition  of  silicates,  and 
separated  out  by  a  natural  process  corresponding  to  the 
dialysis  by  which  gelatinous  Silica  is  obtained  in  the 
laboratoiy. 

Opal,  in  its  purest  form,  can  be  looked  upon  as  only  a 
rare  accessory  constituent  of  rocks.  An  impure  Half  Opal, 
however,  is  deposited  from  the  waters  of  hot  springs — the 
Oeysers  of  Icdand  for  instance — ^in  sufficient  quantity  to 
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tonu  rocks.  It  also  occurs  in  the  form  of  thin  banda  or 
layers  in  certain  aiticeous  rocks. 

Chaieedmy,  Flint,  Chert,  Jatptr,  Agate, — These  are  the 
principal  examples  of  a  class  of  mineials  which  are 
perhaps  Silica  m  a  •state  of  tran^tition  from  the  anhy- 
arouB  to  the  hydrated  state ;  according  to  some  authorities 
they  are  mixtures  of  Silicon  Dioxide  and  Silicic  Acid,  and 
the  soluble  portion  can  be  dissolved  out  by  alkaline  solu- 
tions.* 

They  occur  nudnly  as  nodules  or  concretions,  or  in  veinn, 
occasionally  in  thin  layers,  and  form  an  important  ingre- 
dient in  the  oonetitutian  of  many  rocks. 

B. — ^MmXIULB  OOHPOBED  UAINLT  OP  SiLICATES. 

B  {\).—Fahpar  Oroup. 

The  Felspan  are  a  group  of  minerals  composed  of  Sili- 
cate of  Alumina  combined  with  Silicates  of  Potash,  Soda, 
and  Lime.  Small  quantities  of  U^nesia  and  Oxide  of 
Iron  are  frequently  present. 

Their  specific  gtx.yitj  ranges  from  2*5  to  27  ;  and  their 
hardneas  is  6,  £at  is,  they  can  be  scratched  by  quartz, 
will  scratch  glass,  and  cannot  be  touched  by  the  knife,  or 
only  to  a  slight  degree  and  with  excessive  difficulty. 

Borne  of  the  Felspars  are  among  the  moat  widely  distri- 
buted of  the  rock-forming  minerfJs.  The  prindpiu  species 
are  as  foUows : —  • 

OtihoeioM  or  Potath  Ftltpar. — Composed  of  one  equiva- 
lent of  Potash,  one  of  Alumina,  and  six  of  Silica ;  KO, 
Al,0„6(SiO,).  A  small  part  of  the  Potash  is  often  re- 
placed by  &ida,  and  a  little  Lime  and  Oxide  of  Iron  are 
often  present. 

MiMocliHW,  in  modified  oblique  prisma.  Clearet,  parallel 
to  the  base  and  to  the  diagonal,  which  is  oblique  to  the 
longitudinal  axis  of  the  pnsms.  The  two  cleavages  are 
therefore  at  right  angles  to  one  another,  whence  the  name. 
Strtak,  greyish  white.  Zmtrt,  vitreous,  and  pearly  on  the 
cleavage  fSices.  FVaetuirt,  conchoidal  to  uneven  and  splin- 
teiT.     Not  acted  on  by  acida. 

Sanidint  or  Olauy  Feltpar  is  a  common  variety  of 
Orthodase.  The  crystals  are  of  a  glaasy  brightness,  more 
or  leee  transparent,  and  often  cracked  and  creviced. 

'  ZiAel,  Lshibooli  der  Petrogisphie,  voL  i.  p.  2S1, 
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It  is  very  generally  stated  tliat  Orthoclasa  is  confined  to 
the  older  and  Sanidme  to  the  newer  oryBtalline  rocks ;  but 
it  is  Tery  doubtful  whether  the  latter  part  at  least  of  this 
generaliaation  can  be  upheld  by  facto. 

AlhiU  or  Soda  Feller. — Composed  of  one  equivalent  of 
Soda,  one  of  Alumina,  and  six  of  Silica:  ^a,0,AI,0„ 
G(8iOj):  generally  veiy  small  admixture  of  Potash,  Lime, 
Magnesia,  Oxide  of  Iron. 

TVielinic,  in  modified  oblique  rhomboidal  prisms.  Gene- 
rally  occurs  in  flat  twin  crystala.  Colow,  mostly  white; 
tinges  thd  blowpipe  flame  yellow.  Streak,  colourless. 
li-aetwe,  uneven.  Luilrt,  Titreous,  pearly  on  basal  cleav- 
age planes.     Not  acted  on  by  adds. 

OUgoch*ii. — Composed  of  two  equivalente  of  a  Protoxide, 
two  of  Alumina,  and  nine  of  Silica:  2(ItO),2(ALO,), 
9(SiO,). 

Soda  is  tlie  most  common  Protoxide,  but  it  is  often 
partly  replaced  by  Potash,  Lime,  or  a  email  admixture  of 
Magnesia.  Oxide  of  Iron  is  also  frequently  present  tn 
sm^  quantities. 

When  crystallised,  Trielinie  in  doubly  oblique  rhomboidal 
prisms.  'Cltmiet,  parallel  («  the  base  and  shorter  lateral 
axis.  Streak,  colourless.  Fraeture,  conchoidal  or  uneven. 
Luitre,  resinous ;  on  principal  cleavage  planes  vitreous  or 
pearly.  Insoluble  in  acids.  May  onen  be  distinguished 
from  Orthodase  by  the  presence  of  fine  parallel  striations 
on  the  basal  deava^  planes. 

LabradwiU  or  JJime  Ultpar. — Composed  of  one  equiva- 
lent of  a  Protoxide,  one  of  Alumina,  and  three  of  8ilica : 
ItO,Al,0„8(8iO,). 

The  l4i>toxide  is  mainly  Lime  with  some  Soda ;  there 
are  generally  small  admixtures  of  Potash  and  Magnesia. 

Trielmie,  in  doubly  oblique  rhomboidal  prisms.  Cleavage, 
pandlel  to  base,  mostly  coloured,  and  sometimes  shows 
a  beautiful  play  of  rich  tints.  Streak,  colourless, 
white.  Differs  from  preceding  Felspars  in  being  entirely 
soluble,  when  powdei«d,  in  nitric  or  heated  faydruchlorio 
add. 

Anorthite,  another  Lime  Fehpar. — Composed  of  one  eqni- 
valeut  of  lime,  one  of  Alumina,  and  two  of  Silica :  CaO, 
ALO,,2(SiO,). 

With  the  Lime  tbcro  are  small  admixtures  of  Soda, 
Potash,  and  Magnesia.  Alumina  replaced  to  a  small 
extent  by  Oxide  of  Iron. 

IS-ieUnic,  usual  form  a  doubly  oblique  rhombic  prism. 
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Cltavage,  parallel  to  the  base  and  shoTter  lateral  azie. 
Strmk,  colourless,  white.  Hvdure,  oooohoidal.  Com- 
l^etely  solnbls  in  concentrated  IiTdrochlorio  aoid  without 
eelatuiiraiif. 

In  all  l£e  Felspars  there  is  present  one  eqiuTalent  of 
Protoxide  to  one  equiTtdent  of  Alumina,  but  the  proportion 
of  Silica  Taries.  Thus  if  we  r^prosent  the  Protoxide  i>ji>, 
the  Alumina  by  a,  aud  the  Bilica  by  s,  we  have : — 

6   in  Orthoclase  and  Albite. 
4i  in  Oligodase. 


The  first  two  Felspars  are  hence  spoken  of  as  Highly  Sili- 
cated  or  Acidic ;  the  rest  as  Poorly  Silicated  or  Basic 

The  Felspars  are  also  subdivided  according  to  their  cryS' 
talline  fotm  into  MonocUnic  or  Orthoclsstic,  and  Triclinic 
or  Plagitxilastic.  The  two  principal  cleavages  of  a  Mono- 
dinis  Felspar  are  inclined  to  one  another  at  an  angle  of  90° ; 
the  two  chief  cleavage  planes  of  a  Triclinic  Felspar  inclose 
aa  ang^o  lem  than  90°.  Orthoclase  is  a  Monoclinic  Fel- 
spar, all  the  rest  mentioned  above  being  Triclinic.  There 
is  an  easy  test  by  which  we  can  frequently  detect  Triclinic 
Felspars.  When  light  is  allowed  to  play  on  the  basal 
cleavage  plane,  a  fine  parallel  striation  is  frequently  de- 
tected; this  striatioa  is  not  found  on  the  basal  cleavage 
planes  of  Monodinic  Felspars.*  Whenever,  then,  this 
•triation  or  striping  is  visible,  wo  may  be  sure  that  tho 
Felspar  m  net  Orthoelate.  We  cannot,  however,  safely 
infer  from,  the  absence  of  striss  that  the  Felspar  is  Tn- 
dinie.  A  Triclinic  Felspar  will  be  either  Albite  or  one  of 
the  basic  forms  \  and  at  first  sight  it  does  not  seem  to  be  a 
great  matter  to  bo  able  to  say  tl^a  and  no  more.  Prac- 
tically, however,  the  chances  are,  that  any  Triclinic  Felspar 
which  enters  largely  into  the  composition  of  a  rock  is  a 
basic  variety,  because  Albite  rarely  occun  as  an  essential 
eonslitnent.  When,  therefore,  a  rock  contains  in  consider- 
able quantity  a  Triclinic  Felspar,  it  furnishes  a  very  strong 
presomption  that  it  is  baeia  and  not  acidic  in  composition, 
and  we  shall  learn  by-and-by  that  this  is  as  important 
point 

*  Sm  klao   "Notes  on   loinB      Read  before  tha  Oeolngical  So> 
I^enliaritiei  in   tbe   HioroKopio      ciety,  Hay  12th,  ISIfi. 
filRKfan  of  VOtpu,"  F.  JMiej. 
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The  foregoing  are  the  beet  marked  and  meet  general^ 
admitted  mem^rs  of  the  Felspar  group  of  minerals.  It 
will  be  notioed  that  the  compoBitiou  of  ajl  of  them  admits 
of  a  certain  amount  of  variation ;  and  there  are  Tarieties, 
which  we  cannot  treat  of  here,  which  tend  to  form  connect- 
ing links  between  the  more  pronounced  species.  In  fact, 
scarcely  any  two  mineralogists  are  agreed  as  to  how  far  the 
difierent  members  of  the  Felspar  group  are  to  be  looked 
upon  aa  sunerals  of  fixed  chemical  compoaitiou,  and  how 
far  as  mistures  of  definite  chrauical  compounds.  The 
student  who  wishes  to  go  into  this  question,  will  find  it 
noticed  in  Jukes'  "  Student's  Manual  of  G«ology"  (3rd  ed. 
p.  73),  and  Zirkel's  "Lehrbuch  der  Petrographie"  (voL  i. 

L27),  and  he  may  further  refer  to  the  original  memoirs 
m  which  those  writers  have  drawn  their  information. 
When  he  comes  to  know  more  of  the  probable  way  in 
which  the  cryetalline  rocks  were  formed,  he  will  most 
likely  come  to  the  oouclusion  tbat  variations  in  the  chemical 
composition  of  their  constituent  minerals  is  only  what 
might  be  expected;  and  that,  though  it  isNUseful  for  the 
purposes  of  classification,  and  conduces  to  clearness  <^ 
thought,  to  pick  out  some  of  the  best  defined  varieties  and 
give  them  names,  it  is  necessaiy  to  bear  in  mind  that  in 
Nature  there  are  so  many  eonnecting  links  between  Uiese 
more  marked  forme  that  no  hard  Ime  can  be  drawn  be* 
tween  Uiem ;  and  care  ntust  be  taken  not  to  be  led  by  the 
love  of  system  into  giving  to  classification  more  value  than 
it  is  faiily  entitled  to  bear.  The  main  point  for  the 
beginner  to  bear  in  mind  is  the  proportion  wHch  the  Silica 
of  eat^  species  bears  to  the  other  ingredients,  because  the 
acidic  and  basic  varieties  keep  in  a  manner  apart  from  one 
another,  and  have  each  a  gn^^P  *^  associated  minerals  of 
their  own,  and  it  is  upon  this  circumstance  that  the  main 
divisione  of  the  crystalline  rocks  are  based. 

Two  minerals  closely  allied  to  the  Felspars  may  be 
noticed  here. 

LtveiU. — Composed  of  one  equivalent  of  Potash,  one  of 
Alumina,  and  four  of  Silica,  wim  admixture  of  Soda  up  to 
eix  per  cent. 

M<m«m«trit,  in  twenty-four  faced  trapezohedrons,  Sm^ 
new,  55  to  6.  Speetjie  Gravilj/,  2'4  to  2'd.  Soluble  in 
hydrochloric  acid. 

Ntphelint. — Composed  of  four  e<^uivalente  of  a  Protoxide, 
four  of  Alumina,  and  nine  of  Sihca.  The  Protoxide  con- 
sistB  of  Soda  and  Fotosb,  and  most  analyses  give  four 
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fttoDui  of  Soda  to  one  of  Potash.  Snull  variable  quan- 
tities of  Idme  and  Seequioxide  of  Iron  are  also  often 
present. 

^<u^MM^,  ia  Biz-dded  tabular  cryBtale  or  prisms.  Hard- 
tuM,  a-a  to  6.  SjMeific  Gravity,  258  to  2-65.  Oelatinizes 
with  adds. 

I  may  alflo  notica  here  a  veiy  nTuneroua  body  of 
alfi  included  under  the  family  name  of  Zeolites. 
Th^  are  otoBoly  related  in  chemical  composition  to  the 
FdspMS,  but  differ  from  them  in  all  containing  water,  the 
amount  varying  from  4  to  23  per  cent.  It  ia  from  this 
latter  (nrcumstanoe  that  they  derive  their  iiam.e,  for  the 
presence  of  water  causes  them  to  froth  and  bubble  up 
before  the  blowpipe  {(ft*,  to  boQ),  it  ako  makes  them 
much  more  easily  fuBible  than  the  FelBpors. 

B  {2).—Miea  Group. 

A  number  of  miserala  go  by  Hic  general  name  of  Mica, 
which  all  agree  in  b^ng  ea^y  split  into  thin  flakes  or 
leaves. 

Their  chemical  oomposition  is  variable,  and  not  very 
definite;  they  contain  from  35  to  50  per  cent,  of  Silica, 
15  to  40  p«r  cent  of  Alumina,  and  from  8  to  10  per 
cent,  of  Fotash;  the  other  ingredients  being  Soda, 
Iron,  Uaniesia,  Huorine,  Mangaaese,  Lithia,  and  occa- 
sionally nhmmjiitn  and  the  rare  metals  Ciesium  and 
Bubidinm. 

Their  apecLGc  gravity  ranges  from  2-8  to  3,  and  their 
hardness  trom  2  to  3;  so  that  sometimes  they  can  be 
scratched  by  the  nail,  and  can  always  be  easily  scratched 
witii  the  kmf 0. 

The  Mioas  fall  into  two  classes  according  as  they  contain 
Uagnesia  or  not 

(1)  Nm-^nagnmatt  Micai. 

Xuteevitt  or  Potaak  Miea. — Contains  from  45  to  50  per 
cent,  fd  Silica,  30  to  38  per  cent  of  Alumina,  and  about 
10  per  cent,  of  Fotash,  with  Iron,  Manganese,  Fluorine, 
and  oocasionally  Chromic  Oxide ;  always  stmie  water,  in 
some  cases  up  to  5  per  cent 

RhomHe,  crystals  often  in  six-sided  tables,  dtaxm^t 
parallel  to  base  highly  perfect  Flexible,  and  in  thrn 
laminw  elastic,  the  utter  property  distinguishing  it  from 
Talc  and  Selenite.    Kot  decomposed  by  adds. 
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This  mineral  is  found  in  Bussia  and  elsewhere  in  plates 
lat^  enoug-h  to  allow  of  its  bein^  used  for  lantoms,  win- 
dowB,  and  aimilar  purposeB ;  it  is  then  known  as  Muscovy 
Glass. 

LtpidoliU  or  Lithia  Miea. — Thia  mineral  di£Fen  mainly 
from  the  last  in  containing  from  2  to  5  per  cent,  of  lithia, 
and  a  larger  percentage  of  Fluorine,  from  2  to  8  per 
cent.  It  also  ooatains  Soda,  and  sometimes  Geesitun  and 
Rubidium,  but  no  Magneeia,  of  only  very  small  traces 
of  it.  Helto  very  easily  before  the  blowpipe,  colouring 
the  flame  red.  Imperfectly  soluble  in  adds,  wholly  eo 
after  fusion. 

(2)  Mofftutum  Mietu. 

These  contain  39  to  41  per  cent,  of  Silica,  and  Mogneeis 
in  Tatting  amounts  up  to  30  per  cent. ;  they  are  also 
richer  in  Seaquioxide  of  Iron  uian  the  Non-magnesian 
Micas. 

The  two  chief  varieties  are  known  as  Biotite  and  Fhlo- 
golite. 

The  Micas  are  earaly  recognised  by  the  ease  with  which 
they  split  into  thin  flakes,  which  are  both  flexible  and 
elattie.  The  oi^  other  common  minerals  whidi  split  in  the 
same  way  are  Talc  and  Selenite,  and  the  lamiuEe  of  these 
are  flexible  but  not  eiattie.  Talc  also  has  a  grea^  feel, 
which  serves  to  distinguieh  it. 

It  is,  however,  by  no  means  easy  to  say  to  which  species 
any  particular  specimen  of  Mica  belongs,  and  this  can  often 
be  determined  only  by  chemical  analysis  or  optioal  proper- 
ties. Perhaps  as  a  rule  the  Ma^esian  Micoa  are  more 
generally  dark-coloured  than  the  Kon-magnesian. 

B  (3). — HorndUniia  or  Augitie  Oroup. 

The  minerals  of  this  group  are  bisillcatee  of  one  or  more 
protoxide  bases,  such  as  fime,  Magnesia,  Protoxide  of 
Iron,  and  Protodde  of  Manganese,  ^e  protoxides  replaco 
one  another  isomorphouely,  and  give  rise  to  great  varia- 
tion in  the  chemi^  composition  of  different  varieties. 
Part  of  the  Silica  is  also  frequently  replaced  by  Alununa. 
In  their  normal  state  they  contain  no  water,  but  certain 
species  have  a  t^ndenc^  to  take  up  water,  and  thus  give 
rise  to  new  vuieties. 

The  two  chief  species  are  Hornblende  and  Augite. 

Somblende  orAmphibole. — In  these  varieties,  which  contain 
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.Alumina,  the  proportioa  tbtim  up  to  H  per  oent.  Silica 
variee  from  45  to  60  per  cent. 

M<mo<iU»ie,  in  modified  forms  of  «n  oblique  riiombio  priBm. 
CUaeagt,  parallel  to  one  face  of  tlte  prism  veiy  perfect, 
{requentljlamiuated  and  sometimes  fibrous.  CoJW,  usua% 
black  or  greenish  black,  but  also  of  Tarious  shades  of 
grey,  yellow,  or  brown,  and  even  whito.  Streak,  whito,  or 
paler  than  the  colour.  Sardnets,  5  to  6.  Tough.  Speeifio 
Oraeity,  2-9  to  3-4. 

AugiU  or  Pyroxene. — In  the  aluminous  varietiea,  wb'o^ 
are  the  most  plentiful,  the  Alumina  ranges  up  to  8  per 
cent.     Silioa  Tories  from  47  to  56  per  cent. 

Monoelitu«,  in  modified  oblique  rhombic  prisms.  Colotw, 
•  black  or  greenish  black,  but  sometimes  of  paler  tint. 
<Str»al,  whito  or  greyish.  Sardnt*;  S  to  6.  Brittle.  Spteifie 
Gravity,  3  to  3-5. 

In  chemical  composition  Hornblende  and  Augito  are 
similar,  uid,  indeed,  the  variations  in  this  respect  to  which 
both  are  liable,  are  so  great  that  it  seems  scarcaly  possible  to 
distinguish  between  them  on  this  ground,  though,  perhaps, 
Augjto  OBaai^  contains  more  Lime  and  less  AJununa  than 
Hornblende. 

Their  crystalline  forms,  however,  though  both  belong^g 
to  the  same  system,  differ  in  their  angles,  and,  when 
crystals  perfect  enough  to  be  submitted  to  measurement 
can  be  obtained,  the  two  minerals  may  be  distinguished  by 
this  test.  Sometimes  the  difference  can  be  detected  by  the 
eye,  for  the  larger  angle  of  the  Hornblende  prism  is  124° 
SO*,  and  in  Aii^te  varies  from  87°  5'  to  92^55',  the  one 
being  sensibly  latter  than  a  ri^t  angle,  and  the  other  as 
near  ae  may  be  a  right  angle.  Hornblende  also  frequently 
occnrs  in  a  laminated  form ;  Augite  rarely  or  never.  One 
of  the  varieties  of  Hornblende,  Uralito,  however,  is  said  to 
have  the  external  form  of  Augite  ejid  the  cleavage  of 


These  facts  lead  one  to  the  belief  that  Hornblende  and 
Augite  are  really  only  two  forma  of  the  same  mineral ;  and 
that  the  difference  between  them  is  owing  to  a  difference 
in  the  physical  circumstances  under  which  they  were 
formed,  such,  for  instance,  as  rate  of  cooling,  if  they  arose 
from  a  state  of  fusion. 

It  is  however  worthy  of  notice,  that,  while  Hornblende 
occurs  associated  with  free  Quartz  and  the  more  highly 
silicated  as  well  as  the  basic  Felspars,  it  is  said  that 
Augite  has  never  yet  been  found  with  Quartz  or  Orthodase. 
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But  we  are  quite  ignorant  whether  this,  and  many  other 
facte  respecting  the  association  of  minei-ols,  vaa  true  of  the 
rock  from  the  time  of  its  first  formation,  or  whether  it  is 
due  to  Bubsequent  alteration.  But  thia  is  a  subject  that 
must  be  deferred  to  a  subsequent  chapter. 

DiaUage  and  Bronzite  are  foliated  varieties  of  Au^te.  The 
surface  of  the  thin  plates  into  which  they  are  divided  are 
of  a  pearly  lustra  in  the  first,  and  brassy  and  metallic  in 
the  second. 

Htfptrtthetu  is  a  mineral  agreeing  with  Augite  in  general 
composition,  but  crystallising  on  the  Bhombic  System. 

Olmnt. — iBilicate  of  Sfagneaia,  the  M^neeia  being 
frequently  rOT>laoed  in  part  \y  Protoxide  of  Iron )  a  little 
Protoxide  of  Manganese  is  also  frequently  present. 

This  mineral  occurs  most  frequently  in  glassy  masses  of 
an  olive  green  colour  in  Basalt  and  ouier  rocks. 

B  {i).—TaU  and  CkloriU  0rot^. 

The  minerals  which  may  be  placed  together  nnder  this 
head  are  essentially  Hydrated  Silicates  of  Magnenia.  They 
are  soft,  and  have  usually  a  soapy  or  greasy  feel.  Their 
Bpeci£c  gravity  ranges  from  2'5  to  2'8. 

Tale. — Hydrated  Bisilicate  of  Magnesia,  with  from  1  to 
4  per  cent,  of  Protoxide  of  Iron,  and  Alumina  up  to  5  per 
cent.  Found  rarely  in  six-sided  tables ;  believed  to  belong 
to  either  the  Ehombic  or  MonocUuie  System  ;  usually  with 
a  foliated  structure,  which  ^owb  it  to  be  split  into  thin 
plates,  that  are  flexible  but  not  elastic,  white,  silvery 
white,  or  greenish,  with  pearly  lustre.  Streak,  white  or 
paler  than  the  colour.  Very  soft,  and  easily  cut  with  a 
Imife.    Unctuous  t«  the  touch. 

Chlorite. — Hydrate  Silicate  of  Uagneda  and  Alumina 
with  Protoxide  of  Iron. 

.fi«r(^0ni)^,  sometimes  in  tabular  Bix-sided  prisms.  Oftener 
granular  and  disseminated  in  scales.  Veiy  soft.  Not  so 
unctuous  fo  the  touch  as  Talc,  and  yields  water  when 
heated  in  a  glass  tube,  which  Talc  does  not.  Usual  colour 
a  dark  olive  green.     Streak,  greenish  gray. 

Sm-pmttna. — Hydrated  Silicate  of  Mt^esia  with  small 
quantities  of  Alumina  and  Protoxide  of  !&oii. 

Barely  occurs  crystallised  in  doubtful  forms.  Usually 
massive.  Colour  very  frequently  different  shades  of  green, 
sometimes  red  and  brown,  often  veined  and  mottled. 
Harder  than  Talc  or  Chlorite,  but  may  be  easily  cut  with 
a  knife.    Slightly  soapy  feel. 
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One  of  die  most  widely  diffused  and  important  minerals 
the  geologist  has  to  deal  with  is  Carbonate  of  Lime.  When 
CTTStalliBed  it  occurs  under  two  forms,  one  of  irhich,  Cal- 
dte,  is  extremely  common ;  the  other,  Aragouite,  is  not  so 
frequently  met  with. 

CaUite  or  Cole  Spar. — Siomhohedral,  primary  form  an 
oblique  rhomhohedron.  CUavage,  very  perfect  and  easy 
parallel  to  all  the  faces  of  the  rh(nnbohe(Uoa.*  Hardnett, 
2'5  to  3'5,  so  that  it  can  be  easily  soratohed  with  a  knife. 
SpeeiJU  Gravity,  2'6  to  2-7.    Efferyeeces  briskly  with  adds. 

The  crystals,  when  sufficiently  transparent,  are  strongly 
double  refracting. 

This,  which  is  one  of  the  commonest,  is  also  the  meet 
easily  recognised  of  minerals.  Its  ready  and  perfect 
oleavage,  the  ease  with  which  the  knife  scratches  it,  and 
its  eSerrescence  with  acids,  distinguishing  it  from  any 
mineral  which  it  otherwise  resembles. 

AragoniU. — Ehombic.  Usually  in  oompound  prismatio 
crystals,  the  cross  section  of  which  is  star-shaped  with 
re-entering  angles.  Also  very  frequently  fibrous,  with 
sometimes  a  siUiy  lustre.  Can  be  scratched  with  a  knife, 
but  is  sensibly  harder  than  Caldte.  Efierresces  with 
adds. 

BitUnpar. — Composed  of  Carbonate  of  Lime  and  Oar- 
bonate  of  Kagnesia.  Rhom^hedral.  The  primary  fihom- 
bohedron  diSeie  very  slightly  from  that  of  Calcite,  but 
the  faces  are  very  commonly  curved.  The  lustre  of  the 
cleavage  planes  is  also  often  somewhat  pearly.  Effer- 
vesces much  more  slowly  than  Caldte  with  cold  add, 
but  the  powder  effervesces  briskly  with  hot  add.  Some- 
what huder  than  Calcite.  These  tests  will  generally 
distinguish  it  from  Caldte,  which  otherwise  it  much 
resembles. 

The  proportions  of  the  two  carbonates  vary  very  much  in 
different  spedmens,  as  will  be  seen  from  the  following 
Table  of  analyses  taken  from  Dana's  Mineralogy  f 
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The  first  variety  in  the  Table  is  uBually  looked  upon  oa 
the  normal  type  of  the  mineral,  and  the  othera  are  supposed 
to  be  produced  by  portions  of  one  carbonate  being  replaced 
by  corrosponding  portions  of  the  other.  The  Gryetalline 
forms  of  the  two  carbonates  differ  so  little,  that  w&  can 
easily  imagine  this  replacement  taking  place  without  the 
crystalline  form  of  the  compound  or  mixture  being  affected 
to  any  great  extent.  It  is  eaid,  however,  that  the  angles 
of  the  Bhombohedron  of  Bitter  Spar  are  not  constant,  Dut 
approach  those  of  Carbonate  of  Lime  or  Carbonate  of 
Magnesia,  according  as  the  first  or  second  salt  predomi- 
nates in  the  composition. 

This  mineral  la  also  sometimes  called  Dolomite,  but  it 
will  be  convenient  to  restrict  that  term  to  roe&i  in  which 
Bitter  Spar  ia  the  main  ingredient. 

Oyptam. — Hydrated  Sulphate  of  Lime.  The  crystallised 
'  form  is  known  as  SeleniU.  Monoclinie,  generally  in  fiat  right 
rbomboidal  prisms,  often  combined  so  as  to  give  arrow- 
headed  forma.  Cltatet  with  ease  in  one  direction,  giving 
thin  plates  which  are  flexible,  but  not  elastic.  Soft  enough 
to  be  scratched  with  the  nail.  Pure  varieties  white  and 
semi-transparent,  with  pearly  lustre ;  fre-juently  stained 
with  various  colours. 

Qypsum  also  occurs  amorphous  in  targe  masses,  and  in 
thin  layers,  or  veins,  which  are  frequently  fibrous,  and  have 
a  silky  lustre. 
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AnhyiriU. — Anhydrous  Sulphate  of  Lime.  RkonAio, 
three  <J6avaffes  at  right  angles  to  one  another.  About  aa 
hard  as  Calcite. 

The  two  following  are  not  uncommon  as  aocessory 
minerals : — 

Muor  Spar. — ^Fluoride  of  Calciuni  (OaFL).  The  crys- 
talline form  and  deava^  have  been  descnbed  on  p.  20. 
Bather  harder  than  Galoite.  Of  various  colours,  and  often 
with  a  brilliant  gemUke  lustre.  "When  heated  with  sul- 
phuric B/od  gives  off  hydrofluoric  acid,  which  corrodes 
slaBS.  Gives  a  phosphorescent  light  when  placed  on 
heated  iron. 

Apatite. — Phosphate  of  Lime  (Ca-2P0J,  with  very  fre- 
quently some  Fluoride  or  Chloride  of  Calcium.  Hexagonal, 
in  modified  hexagonal  prisms,  harder  than  Fluor  Spar, 
but  not  so  bard  as  Orthoclaee.  Dissolves  slowly  in  mtric 
acid,  but  without  effervescence. 

The  compounds  of  Iron,  and  some  few  other  minerals, 
which  can  hardly  be  considered  to  belong  to  the  Sock- 
forming  claee,  have  already  been  noticed  (p.  18).  There 
are  also  other  accesBory  minerals  of  veiy  ooimnon  occur- 
renoe,  which  will,  sooner  or  later,  come  under  the  student's 
notice ;  but  for  descriptions  of  these  he  must  turn  to  works 
on  Uineralogy  or  larger  treatises  on  Geology. 

SECTION  IV.— UTHOLOGICAL  CLASSIFICATION  OF 
EOCKS. 

We  have  now  given  a  sketch  of  such  part^  of  Mineralogy 
as  will  suffice  for  the  needa  of  a  beginner.  The  student, 
when  he  has  mastered  this,  may  be  compared  to  a  child 
that  has  learned  its  alphabet ;  and  as  the  next  step  with 
the  child  is  to  show  hun  how  letters  are  put  togemer  to 
form  words,  so  we  must  now  go  on  to  show  the  reader  how 
the  minerals,  with  which  he  has  made  acquaintance,  ace 
combined  into  rocks. 

Utlioli^oal  ClaasifloRtion  of  Booka. — ^We  will  first 
see  what  results  would  be  arrived  at  by  Lithology,  or  an 
indoor  examination  of  hand-specimens  alone.  By  this 
method  of  research  one  would  be  led  to  divide  rocks  into 
two  great  classes — Crystalline  and  Non-crystalline  or 
Granular. 

Cryvtallins  Bocka.— The  rocks  of  the  first  class  consist 
of  crystals  with  their  angles  and  edges  sharp  and  un- 
rounded, embedded  in  a  paste  not  so  distinctly  crystalline. 
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Ton-OTTCteUina  Kooki. — Tke  Non-cryBtaUiiie  or  Gra- 
nular rocks,  on  the  other  hand,  are  compoeed  of  p&rticloB 
more  ai  less  rounded,  worn,  or  broken,  held  together  by  a 
cement  or  paste.  The  latter  may  be  cryBtalline,  but  the 
student  muBt  not  imagine  the  poaaession  of  a  cryBtalline 
cement  in  a  Hon-oryatalline  rock  in  any  way  allies  it  to 
the  rocks  of  the  first  class.  Why  this  is,  we  cannot  explain 
at  present ;  but  we  shall  eee  by-ond-by  that  the  modes  of 
formation  of  the  two  kinds  of  rock  were  totally  difiereut. 

To  tbeae  main  aubdiviBions  the  Utbologist  would  pro- 
bably add  two  more,  either  as  independent  or  auboidinata 
dassee. 

One  would  include  certain  rocks  closely  resembling  in 
many  respects  members  of  the  Oranular  class,  which  yet 
show  a  marked  tondenf:^  towards  a  crystalline  texture ; 
rocks  which  g;ive  the  idea  that  they  have  been  once  iden- 
tical with  the  Qranular  rocks  they  still  resemble,  but  hare 
had  a' certain  amount  of  crystaUisation  superadded  to  Hieir 
original  condition. 

j^ke  second  additional  class  would  take  in  rooks  which 
may  be  separated  on  these  grounds.  While  in  many  of 
the  Giystalline  rocks  tiie  constituent  minerals  are  thrown 
together  without  order  or  arrangement,  in  these  rocks  there 
is  a  tendency  for  the  different  minerals  to  be  arranged  each 
one  by  itself,  in  separate  layere.  Such  rocks  go  by  the 
name  of  Schistose  {axurroi,  split),  or  Foliated  (Folium, 
a  leaf),  because  the  arrangement  of  their  components  tend 
to  make  them  split  into  thin  flakes  or  leaves. 

Zithological  examination,  then,  leads  us  to  the  following 
olassifioation  of  rocks : — 

!1  o.  ConfoMdly  aryttBllina :    mineE&li  not  sr- 
nnged  m  any  ordar. 
I  i.  SohutoM  or  Folistod:  minsnOi  amliKel 
SKCh  by  thsnuelTeB  in  aeptxata  layen. 
2.  Non-ctyrisllinc  (  ^  *  ^^^  "">  JSuii^cSS?^'*'**"^  "°^  " 
GmnaUr. 

Some  rocks  would  still  remain,  which  it  would  puzzle  a 
lithologist  to  assign  to  their  proper  place  in  the  above 
scheme.  He  would  find  all  kinds  of  intennediato  steps 
between  the  Confusedly  Crystalline  and  the  Schistose ;  and 
some  rocks,  such  as  common  roofing  slate,  which,  though 
undoubtedly  granular  in  texture,  are  so  thoroughly  schis- 
tose as  to  seem  to  require  a  special  dass  for  themselves. 
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But  l^eee  imperfections  in  fhe  daeeificatioD  ore  only  a 
necessary  consequence  of  ihe  one-eided  mettiod  by  which 
it  WBB  amTed  at.  It  looked  merely  at  the  compositioti  and 
texture  of  rocks,  and  paid  no  heed  to  the  way  in  which 
they  hare  been  formed.  It  is  only  when  both  oircum- 
stances  have  been  taken  into  account  that  we  can  arrive 
at  anything  like  a  satiefactoiy  rock  dassificatioD. 

Some  wiiters  would  add  as  distinct  classes  of  rocks  the 
two  following: — * 

Gliutif  or  ffyalitu. — We  have  already  seen  that  in  the 
case  of  minertds  there  was  no  essential  difference  betweeu 
their  glassy  and  crystallino  forms,  and  that  it  is  the  con- 
dition under  which  the  mineral  is  formed  that  determines 
which  shape  it  takes.  The  same  is  equally  true  of  rocks. 
When  we  come  to  describe  the  different  kinds  of  rocks,  we 
shall  find  the  following  two  facts  to  be  true.  For  every 
glassy  rock  there  is  a  rock  of  exactly  identical  chemical 
composition  with  a  crystalline  texture ;  and  the  two  forms 
pass  by  insensible  gradations  into  one  another.  And  when 
we  come  to  inquire  into  the  way  rocks  were  formed,  we 
shall  see  that  it  was  either  the  rate  of  cooling,  or  the  degree 
of  fluidity,  or  some  such  oondition,  which  caused  the  rock 
to  assume  at  one  time  a  glassy  and  at  another  a  crystalline 
shape.  We  may  therefore  look  upon  the  glassy  state  as  a 
partioalBT  case  of  the  crystalline. 

Poro^ntmt,  or  those  which  have  solidified  from  a  gelatinous 
state.  Certain  minerals,  such  as  Opal,  we  have  seen,  have 
in  all  likelihood  been  formed  in  this  way,  and  in  some  cases 
considerable  bodies  of  rock  have  probably  been  permeated 
by  fluids,  from  which  minerals  have  geJatinised  out  and 
become  incorporated  with  the  rock ;  but  it  seems  very 
doubtful  wheuier  any  large  rock  mass  is  known,  which  was 
ever  entirely  composed  of  a  gelatinous  mineral. 


SECTION  v.— CEYSTALLISrE  HOCKS. 

In  accordance  with  the  classification  just  siren,  we  will 
consider  first  the  Crystalline  rocks,  and  will  begin  with 
those  peculiarities  which  come  under  the  head  of  Texture 
or  Grain,  and  depend  on  the  relative  size  of  the  particles. 

TeKioTfl  of  C<rystaUiiie  Hooki. — In  xome  of  these 
rocks  the  czystals  are  large  enough  to  be  seen  by  the  un- 

■  Nsnnisiui,  Lehrbncti  der  Oeognosi^  L  S93. 
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sided  eye;  such  are  called  XMro-a-yitaiUnt,  or  Coarwiy 
Cryitallint.  Eocks  of  this  chAracter,  vben  smgle  de- 
tached ciTBtala  are  diBaemmated  in  an  earthy  or  lets 
cryBtalline  paste,  are  aaid  to  be  Porfkyritie.  In  the  case 
of  other  rocks  closer  scrutmj  or  the  aid  of  a  pocket  lens 
beoomee  neeeBsary  to  enable  ub  to  recogniBe  their  crystals, 
and  these  are  knovn  aa  the  Miero-ayataUmt,  at  Fint^ 
CryttcUine.  Lastly,  there  are  the  Crypto  or  Ohsevrtly  Cryi- 
taUine  members,  in  which  crystals  can  be  detected  only  in 
highly  magnified  transparent  slices,  and  by  the  aid  of 
optical  properties,  such  as  polarisation  and  double  refrac- 
tion. 

Home  rocks,  vhich  cannot  strictly  be  called  crystalline, 
have  a  gla»iy  texture  ;  these  are  placed  in  the  present  sub- 
division for  reasons  given  a  little  way  back. 

OiystaUiue  rocks  occasionally  put  on  a  loose  friable 
form,  and  are  then  said  to  be  earthy, 

Btrnctiuf. — We  may  next  pass  to  the  various  shapes  or 
BtructureswhichCrystalHnerocksassunie.  Some  of  these  can 
be  detected  only  by  the  examination  of  large  masses  in  the 
field,  and  belong  to  the  head  of  Petrology,  The  following 
are  recognisable  in  hand-Bpedmens,  and  may  be  noticed 
here. 

Bocks  full  of  little  rounded  cavities,  like  those  pro- 
duced by  the  boiling  up  of  gas  in  a  furnace  slag,  are 
called  Vmcuiar.  When  the  cavities  are  numerous,  the 
rock  is  said  to  be  SeoriaMow  or  Slaglike,  and  in  the  ex- 
treme case,  when  the  hollow  spaces  occupy  the  major  part 
of  the  body  of  the  rock,  to  be  I^mieeoui.  We  ULall  see 
presently  that  many  of  the  Crystalline  rocks  have  been 
produced,  just  like  slag,  by  the  cooling  of  melted  matter 
that  flowed  out  in  a  fused  condition ;  in  these  the  vesicles 
are  dragged  out  and  elongated  in  the  direction  of  the  flow ; 
in  other  coses,  when  the  pressure  %Fae  more  nearly  unifonn 
in  oil  directions  during  consolidation,  the  cavities  approach 
more  nearly  a  spherical  ehai>e. 

The  cavities  of  a  vesicular  rock  are  sometimes  filled  up 
with  mineral  matter;  the  rock  then  ia  called  an  Amygda- 
loid, from  the  resemblance  of  the  contents  of  the  hollows 
to  almonds. 

Snbdiriaions  of  tha  CrratAUuLa  Books.— The  classi- 
fioation  of  the  Crystalline  rocks  is  a  matter  of  the  greatest 
difiicully.  The  variations  in  their  composition  are  all  but 
endlees,  and  present  so  many  intermediate  steps  from  one 
form  to  another,  that  it  is  scarcely  ever  possible  to  establish 
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any  two  eubdivisiouB  between  whieh  connecting  links  may 
not  be  found.  The  anxiety  of  some  obi|eiTers  to  elevate 
every  variety  that  may  have  come  imder  their  notice  to  the 
rank  of  a  distinct  species,  has  led  to  an  imneceesaty  mul- 
tiplicatioii  of  namea  ;  and  more  confusion  is  introduced  by 
different  writers  usinff  the  same  name  for  rocks  of  different 
mineral  composition.*  Still,  if  we  shake  ourselves  clear 
of  minute  deteils  and  take  a  broad  view  of  the  composition 
of  this  class  of  rocks,  it  seems  possible  to  parcel  them  out 
into  two  main  subdivisions,  suiHciently  marked  in  their 
mineral  composition  to  be  clearly  distiDguishable  from  each 
other,  and  a  third  class  partaking  in  some  measure  of  the 
distinguishing  eharacteristios  of  the  first  two.  The  exist- 
enoe  of  this  third  dass  of  course  makes  it  impossible  to 
draw  any  hard  linM  between  the  three  classes,  and  in  some 
oases  leaves  it  doubtful  to  which  of  two  subdivisions  a 
particular  rock  ought  to  be  referred ;  but  if  we  neglect 
lor  an  instant  these  connecting  forms,  and  fix  our  attention 
on  typical  instances  of  the  two  fiist-named  subdivisions,  we 
.  shall  find  these  so  distinct  from  each  other,  and  find  also 
among  the  different  varieties  of  rocks  so  many  that  con- 
form more  or  less  closely  in  mineral  and  chemical  compo- 
sition to  one  or  other  of  them,  that  we  may  usefully  group 
together  the  rocks  that  resemble  one  type  in  one  class,  and 
those  that  resOTible  the  other  type  in  a  second  class,  even 
thoo^  we  know  that  between  these  two  classes  there  lies 
a  debatable  ground,  into  which  each  of  them  merges  by 
almost  insenuble  gradations,  f 

All  the  Crystalbne  rocks  have  a  Felspar  for  one  of  their 
principal  ingredients,  and  as  the  Felspars  are  divided  into 
the  Bughly  Silicated  or  Acidic  and  the  Poorly  Silicated  or 
Basic,  so  the  Crystalline  rocks  can  be  divided  into  two  great 
BubdiTisions,  according  as  their  prevailing  Felspar  beu>ngs 
to  the  first  or  second  of  the  Felspar  families.  The  third 
subdivision  mentioned  partakes  in  some  degree  of  the 
characters  of  both  of  the  two  first. 


*  FnrtoDRtely  these  matters  ara  all,  a   csrefiil  account  of  tlioae 

net  as  important  u  might  Kt  flrtt  Urgei    atniotura    vhich  mable 

tijfht  appear.     What  the  geolo-  him  to  reaeon  about  their  origin. 

£it   want*  are  not  the  minnta  f  For  a  vsiy  strikiog  insUnce 

fferenoei  inaitted  on  by  mine,  of  a   gradual   pusage   from  the 

ralogi«ts  and  petrogiaphen,  but  extreme    type   of    one   of  these 

■ome    bread   leading  gronpi  in  olAEges  to  the  extreme  type  of  the 

which  to  arrange  tbe  rockn  he  other,   aen  Leonhacd'a  Jahrbnch 

meetswithiiiUuiGeldi  and,  above  (1873),  p.  22n. 
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Acidic  Bocka. — The  first  of  these  great  subdivisiona  is 
known  as  the  Acidic,  Highly  Sihcated,  Fekpathic,  or 
TraohytiG  dass.  The  Fekpar  is  one  of  the  highly  sihcated 
Bpedes,  Orthochiee  or  Alhite,  though  Oligoclase  ia  frequently 
present  aa  well;  there  ia  generally  also  a  portion  ot 
free  or  uncombined  Silica  present  in  the  shape  of  Quartz. 
Other  minerals  may  enter  into  the  compositian  of  rocks  of 
this  class;  but  its  two  distinguishing  characteristics  are 
those  just  mentioned,  the  highly  silicated  character  of  its 
Felspar  and  the  presence  of  &ee  Quartz. 

The  Acidic  rocKs  are  poor  in  lime,  Magnesia,  and  Iron, 
and  the  absence  of  these  substances,  which  act  as  fluxes, 
and  their  richness  In  Silica,  makes  them  difficult  of  fusion. 
Their  specific  gravity  ranges  from  2-3  to  2'7. 

Baaio  Booka. — The  second  great  Bubdivision  is  known 
as  the  Ba$ic,  Poorly  Sihcated,  Magnesian,  Hornblendlc, 
Pyroienic,  Basaltic,  or  Dioritic  class. 

Tho  Felspar  may  be  Oligodaee,  but  la  more  frequently 
Ijabradorite,  AnorUiite,  or  some  basic  form,  and  Hornblende 
or  Augite  is  very  generally  an  important  ingredient.  No 
free  Suioa  is  present  as  a  constituent  mineral,  but  Quartz 
may  occur  as  an  accessory. 

Compared  with  the  former  class  these  rocks  are  poor  in 
Silica,  and  rich  in  Lime,  Uagnesia,  and  Iron.  Hence  they 
are  the  more  readily  fusible  of  the  two  dassee.  Their 
Bpedfic  gravity  ranges  from  2-7  to  3-1,  ao  that  they  are  also 
the  heavier  of  the  two. 

The  extreme  and  typi*^  rooks  of  the  Acidic  and  Basic 
classes  are  widely  removed  and  cleaiiy  dietinguiBhable  &om 
each  other  ;  as  has  been  mentioned  however  there  are 
many  rooks  of  an  intermediate  character  which  form  oon- 
necting  links  between  the  two,  and  for  the  reception  of 
some  of  these  an  intermediate  class  may  be  estaolished, 
though  it  is  alto^ther  impossible  to  say  exactly  where  its 
boundaries  on  either  side  are  to  be  drawn.  Perhaps, 
however,  the  following  may  be  taken  as  the  broad  tEs- 
tinguishing  characteristics  of  each  class. 


A. — Aomio  Class. 

Composed  of  highly  silicated  Felspar  with  Quartz. 
Belatively  light  and  infusible  as  compared  with  the  Basic 
rocks. 
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B. — Imtermediate  Clabb. 
Composed  of  highly  silicated  Fekpar  widiout  Quartz. 

C. — Basic  Oluiss. 

Compoeed  of  poorly  ailicated  Felspar  with  Hornblende 
or  Augite.  No  free  Quartz.  BeLatirely  heavy  and  fusible 
compared  with  the  Addic  rooks. 

A  very  useful  rough-aud-ready  test  for  detenninine  to 
whicli  class  a  crystalline  rock  is  to  be  referred  is  fumisbed 
by  the  crust  formed  ob  tbe  outside  by  the  action  of  tbe 
weather.  The  veathered  snrface  of  an  Acidic  rock  is  veiy 
usually  white  owing  to  the  decomposition  of  its  Orthoclsse ; 
the  laige  pnjportion  of  iron  in  the  Basic  rocks  by  its  oxida- 
tion generalfy  stains  their  weathered  crust,  often  to  a 
considerable  depth,  brown  or  red.  They  also  frequently 
effOTvesoe  with  acids  in  the  cracks  and  crevices  of  the  surface, 
owing  to  the  formation  of  Carbonate  of  lime  out  of  the 
constituents  of  their  Lime  Felspars.  These  tests  are  not 
infallible,  bat  in  a  majorily  of  cases  they  may  be  relied 
upon. 

In  the  fblkiwiiig  table  the  average  oompositioii  and 
specific  gmvity  of  ulb  rocks  of  each  class  is  girm. 


«SSf 
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It  is  easy  to  see  to  a  certain  extent  how  these  subdivi- 
sioDB  arose,  and  why  the  component  minerals  of  the 
ciygtalline  rocks  do  not  occur  indiscriminately,  but  are 
assodated  together  according  to  broad  general  laws. 

In  some  cases  there  has  been  Silica  enough  to  form  the 
most  highly  silicated  compounds  poaeible,  and  some  to  spare 
besides  ;  in  these  aooordingly  the  highly  silicated  Felspars 
prevail,  and  the  superfluous  Silica  appears  as  Quartz ;  in 
other  cases  tiie  Silica  was  not  so  plentiful,  there  was  only 
L  to  form  poorly  silicated  compounds,  and  all  there 
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was  was  used  up  in  doing  tliii ;  here  tberafore  we  find  basic 
FelspaTB  and  no  free  Quartz.  Why  magneeian  Bilioates 
ehould  be  so  much  mcpre  largely  associated  with  basic  than 
with  acidic  Felspars  is  not  so  easy  to  explain  :  the  stadent 
mayoonsiilt  Durocher's  apeeulatloiis  on  Uiis  point,  which  he- 
will  find  very  carefully  and  lucidly  explained  in  Prof. 
Haughton'a  "Manual  of  Qeologr,"  chap.  i.  Appendix  A. 
We  must  warn  hink,  howerer,  that  some  of  the  brilliant 
Frenchman's  facts  are,  to  say  the  least,  doubtful,  and  others 
are  capable  of  a  very  different  explanation  from  that  he  puts 
on  them. 

The  scheme  of  classification  just  described  depends,  it 
will  be  seen,  mainly  on  the  proportion  of  Silica  in  each 
variety  of  rock.  Other  authors  have  subdivided  the  crystal- 
line rocks  according  to  the  Felspar  which  predominates  in 
them.  These,  and  other  like  systems,  rest  on  a  purely 
mineralogical  basis,  and  it  will  he  found  that  they  all  alike 
lead,  when  we  come  to  details,  to  more  or  less  vagueness  of 
definition  and  confusion  of  nomenclature. 

To  a  certain  degree  possibly  this  must  always  be  the  case. 
The  composition  of  a  large  rock  mass  varies  in  many  cases 
so  much  from  point  to  point,  that,  if  we  trust  merely  to 
'mineral  composition,  it  is  impossible  to  fix  on  a  name  that 
will  be  appbcable  to  all  parts  of  it,  and  yet  there  may  be 
satisfactoiy  geological  evidence  that  all  the  varieties  were 
produced  at  the  same  time  and  fundamentally  by  the  same 
operation,  and  that  their  differences  must  therefore  be  from 
a  geological  standpoint  accidentaL  Hence  arises  a  constant 
dashing  between  mineralo^cal  and  geological  classification ; 
as  yet  we  have  only  the  first,  but  the  time  may  come  when 
an  arrangement  of  the  rocks  now  under  consideration  on  a 
true  gedogical  basis  wiU  be  possible,  and  then  we  may 
hope  thai  many  of  the  present  seeming  contradictions  wiU 
vanish.  The  right  thing  seems  to  be  to  look  upon  oil  the 
present  schemes  of  classification  of  the  crystalline  rocks  as 
probably  artificial,  something  like  the  Linntean  system  in 
Sotany,  and  to  wait  patienl^  till  a  more  extended  know- 
ledge enables  some  one,  who  shall  be  at  once  a  great 
petrographor  and  a  great  geologist,  to  establish  a  natural 
system,  which  shall  pay  regard  firet  and  foremost  to  the 
method  of  formation  of  the  rocks,  and  look  upon  their 
mineral  composition  as  merely  subsidiary. 

One  instaiioe  will  perhaps  make  these  remarks  more 
intelligible.  Of  the  large  class  of  Acidic  rocks  grouped 
to^;ether  as  Febtones,  some  have  been  lava  streams  ponied 
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out  in  the  open  tur,  some  hare  oonsolidated  from  a  fused 
state  at  g^at  depths  below  the  suifaoe,  and  some  are  rocks 
originally  non-crystalline  that  have  been  rendered  crystal- 
line bj  heat ;  of  the  differenoes  between  these  three  kinds 
of  FcJstone  a  mineralogical  classification  takes  no  note,  so 
lon^  ae  the;  agree,  wMch  they  often  do,  in  nuneral  com- 
position j  whereas  a  natural  system  would  at  once  place 
them  in  distinct  and  widely  sepontted  classes. 

We  will  now  pass  to  some  of  the  more  prominent  exam- 
ples of  the  three  closaeB  of  raystaJline  locke. 


A. — Acuiic  Bocks. 

According  to  the  nomenclature  now  in  use  the  rocks  of 
this  class  maybe  grouped  under  three  heads,  Quarbcote  TVa-  I 
thfUi,  Felttontt,  and  OraniUi.  All  are  essentially  mixtures  of  I 
Quartz  and  Ordioclase ;  Oligoclase  is  also  frequently  present  I 
to  a  considerable  amount ;  some  of  the  members  oontain  1 
besides  Mica  and  Hornblende,  sometimee  as  accessories,  I 
sometimes  in  sufficient  quantity  to  make  these  minerals  I 
essential  constituents.*  L 

Each  of  the  three  families  into  which  we  have  ttivided 

I  the  Acidic  rocks  contains  varieties  distinguished  either  by 
difierenoe  of  texture  or  structure  ot  by  shght  variations  in 
mineral  composition.  The  last  consist  mainly  in  the  addi- 
tion of  certain  accessory  minerals  to  the  normcd  constituents 
of  the  rock,  and  have  not  yet  been  shown  to  be  of  geological 
value.     But  we  have  already  hinted,  and  shall  show  more 

'  fully  further  on,  that  the  texture  of  a  crystalline  rock  is  a 
matter  of  the  utmost  importance,  because  it  indicates  the 
conditions  under  which  the  rock  was  formed.  It  is  there- 
fore on  differences  in  texture  and  structure  that  we  shall 
lay  especial  stress. 

To  take  one  instance.  In  the  case  of  the  Trachytes  we 
have  the  following  variations  depending  on  texture  or 
grain:— 

PorjAyritic  Trachyte.  /  , 

Uacro-crystalline  Trachyte.  /  I 

Uicro-mystalline  Trachyte.  f  / 

Crypto-crystalline  Trachyte  or  ShyoUU.  J  | 

Glassy  Trachyte  or  Obiidtan.  I  I 

*  For  AnilyHs  of  the  Aridic  Rocki,  Me  tiie  taUe  <m  page  49. 
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Other  Tarietiee  depending  on  structnze  are — 

Tesioular  Trachyte  or  MUbtotu  Porphyry. 

Pumiceoiu  Trachyte  or  Pumtee. 

Concretioiiary  Trachyte  or  PerliU. 

Laminated  Trachyte  or  Phcnciitt. 
Now  some  of  these  varietiee  are,  as  far  as  external 
characterB  go,  so  utterly  unlike  one  another,  that  lithoh>- 
gicaJly  they  are  separate  rock  species  and  have  reodvod 
distinct  names.  Obsidian  is  gloss,  Khjolite  a  compact 
flinty  stone,  Millstone  Porphyry  a  rough  cavernous  rock, 
and  no  one  would  suspect  from  the  look  of  these  three  rocks 
that  they  had  anything  in  common.  But,  for  all  that,  they, 
and  the  other  varieties  named,  are  really  only  the  same 
rook  under  different  forms.  They  agree  in  ultimate 
chemical  composition  and  are  made  up  of  me  same  minerals, 
and  each  form  can  be  observed  to  pass  into  the  one  next  to 
it  by  insensible  gradations.  Ana  when  we  come  to  pass 
from  mere  lithological  classification  to  an  inquiry  into  the 
way  in  which  tjiese  rocks  were  formed,  we  shall  find  that 
the  origin  of  the  different  varieties  was  this.  All  are  rocks 
which  were  once  in  a  melted  state ;  where  the  fused  moss 
was  cooled  quickly,  it  took  the  form  of  a  glass  or  Obsidian ; 
where  the.  cooling  was  somewhat  slower  but  yet  not  slow 
enough  to  allow  of  the  formation  of  crystals  of  any  size,  a  * 
compact  rock,  Bhyolite,  was  the  result ;  and  as  the  rate  of 
coohng  became  less  rapid,  the  rock  became  more  obviously 
dystaLine,  and  the  more  coarsely  grained  varietiea  were 
produced.  It  is  very  oonvenieut  to  distinguish  these 
different  forms  by  different  names ;  but  the  student,  when 
he  uses  these  names,  must  carefully  keep  before  his  miud 
that  the  rocks  denoted  by  them  are  in  spite  of  differences 
of  condition  all  Trachytes.  He  may  talk  of  Obsidian,  but 
he  must  always  think  of  it  as  Glassy  Trachyte. 

In  the  case  of  some  crystalline  rooks  we  have  a  perfect 
series  from  the  glassy  to  the  most  coarsely  crystalline  form ; 
in  others  the  aenes  is  not  complete,  some  terms  having  not 
been  observed  to  occur. 

A  a. — ^tarhott  Traehytet. 

The  more  coarsely  crystalline  of  these  rocks  oonsist  of 
crystals  of  Sanidine  and  less  abundantly  of  OUgoclase,  with 
crystals  and  grains  of  Quartz,  embedded  in  a  paste.  Mica, 
and  more  rarely  Hornblende,  oconi  in  th«an  occaMOnally. 
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The  'paete  is  an  intimate  mixtore  of  Orthocla^e  and  Quartz, 
imd  IS  often  rou^L  and  cellular.  The  grain  Taries  through, 
all  degrees  of  coareenees ;  eometinies  the  crystals  are 
nnmeroufi  and  large  enough  to  make  the  rock  porphyritic, 
and  from  this  form  all  gradationa  may  be  met  vith  down 
to  a  rodt  which  ma;  he  called  micro-oiTstaUiiie.  Where 
the  matrix  is  open  and  cellular,  the  rook  yields  nullstones, 
and  has  been  called  MiUttm»  ParfKyry. 

By  a  cTadual  decrease  in  the  coarseness  of  the  grain  ve 
pas«  to  Uie  compact  or  crypto-ciystaliine  fonn  of  ^&achyte, 
which  has  been  called  JihyoUte.  This  rock  is  compact, 
flinty,  and  eometimos  half -glassy ;  it  ia  composed  of  Quartz 
and  Orthodase  so  intimately  mixed,  that  no  grains  or 
orjstalB  can  be  detected  except  in  highly  magnified  trans- 

Sarent  shces.  It  is  occasionally  rendered  porphyritio  by 
le  presenoe  of  crystals  of  SanicUne,  Oligoolafio,  Mica,  and 
Quartz. 

The  glassy  form  of  Trachyte  is  called  Obtidmt.  This 
rock  has  the  appearance  and  lustre  of  glass,  with  a  con- 
choidal  fracture,  and  la  usually  of  a  black  or  dark  brown 
colour.  It  has  sometimes  the  look  of  a  true  homogeneous 
glass,  though  even  in  this  case  tl^e  microscope  shows  very 
minute  crystals  in  it;  sometimes  it  becomes  porphyritic 
by  the  presence  of  small  visible  crystals  in  its  glsMr 
matrix;   and  somctimoe  it  has  a  Tesioular  or  blistered 


The  next  form  ve  hare  to  notice  is  PvmUt,  a  rough 
glassy  rock,  traversed  in  every  direction  by  cracks  and 
cavitiee,  and  made  up  to  a  lai^  extent  of  connected,  thread- 
like masses.  It  is  the  hardened  froth  or  foajo,  that  formed 
mi  the  surface  of  the  seething  mass  of  Trachyte  in  a  state 
of  fusion. 

The  two  most  important  varieties  depending  on  stracture 
are  the  Qlobular  and  the  Laminated  torms.  In  the  first 
the  rock  is  made  up  of  balls  or  nodules,  often  consietinff  of 
concentric  coats  like  an  onion,  and  made  np  of  fibres  radiat- 
ing from  the  centre.  In  the  second  the  rock  has  a  pla^ 
structure,  eo  that  it  may  be  spUt  into  slabs. 

Ad.— /UlfeMM. 

The  average  composition  of  Felstone  is  the  same  as  that 
of  Trachyte,  only  the  principal  Felspar  is  the  common 
Orthoclase  instead  of  the  glassy  variety  of  that  mineral 
(Sanidine). 
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The  gf^^  for™  "^  Felatone  ie  known  as  PitehtUme  at 
SetmiU.  This  is  a  compact  resinous  or  half -glassy  rock, 
with  a  stnniK  Tesemblauce  to  solid  pitch,  and  an  imperfectly 
oonchoidol  Racture.  Except  that  it  contains  a  larger 
pNcentage  of  water  it  agrees  closely  in  composition  with 
Felstonc  m  some  oases  ^d  Trachyte  in  others,  and  there 
can  be  little  doubt  that  it  ie  the  glassy  form  of  a  Felsitic  or 
Trachytio  rock.  It  therefore  oorreeponde  to  Obsidian.  As 
in  the  case  of  Obsidian,  microscopic  examination  shoTs 
that  even  the  most  glass-like  forms  of  the  rock  are  fuH  of 
minute  needle-ehap»a  crystals. 

LikeObsidian,FitchBtonebecx>mesoooaH(»aIIypotphyritic 
by  the  presence  in  the  gUsey  matiix  of  crystals  or  crystal- 
line grains  of  Felspar,  grains  of  Quartz,  and  Bometimee 
^tes  of  Mica. 

Compact  oi  crypto-cryBtalline  Felstone  is  known  as  J^el^ 
tiU  roei,  Ptirotilex,  or  Eurite;  it  is  a  hard,  compact,  flinly- 
looking  lock,  homogeneous  in  texture,  with  a  splintery  or 
sometimes  imperfectly  conchoids!  fracture.  The  most 
compact  varieties  resemble  very  closely  Flint  or  Homstone, 
and  hence  the  name  Fetrosilex  was  given  to  it,  nnder  the 
idea  that  it  was  composed  mainly  of  Quartz  ;  it  is,  how- 
ever, really  an  intimate  mixture  of  Silica  and  Orthociaae. 

The  tenn  FtUiU  is  usually  confined  to  aggregates  of 
Quartz  and  Felspar  of  so  close  and  compact  a  texture,  that 
no  dystals  or  grains  con  be  detected  on  a  fresh  fracture, 
and  whose  compositim.  can  be  ascertained  only  by  micro- 
soopic  examination  and  chemicsl  anal}^.  This  is  one 
)  form  of  Felsite  rock ;  varieties,  however. 


ooour  which  become  imperfectly  porphyritic  W  the  appear- 
ance of  separate  ciystals  ai  Quartz  and  Felspar  tn  a 
felsitic  matrix. 

By  gtadatione  o{  this  sort,  and  the  gradual  increase'  in 
number  of  the  contained  crystals,  we  pass  on  to  the  next 
important  variety,  Porp&j/ritit  Fehtone,  the  Felsite  Porphyry 
of  the  Germans,* 

The  paste  of  this  rook  is  identical  with  Felsite  rock 
itself,    consisting    of    an    intimate,    compact  mixture    of 


■  The  Bi*t  of  Ukew  tenu  Msm*  &  mbudiuy  scetdent,    Hnd   tbe 

sferabls  to  tlie  ncond  far  tlie  accidental    cluncter  should   be 

.  lowing  realom-    The  ewentul  denoted  by  an  adjectlTe.    Thus 

fkct  about  the  rock  ii  that  it  ia  a  wa  do  not  ooU  a  very  toll  person 

Felitans,  the  porphyiitio  arrange-  ■  Homan  Gfant,  bat  a  Oigantia 

Bwnt  of  it*  Maiatituente  ia  mei^  Man. 


preferabli 
nllowing 
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Ortbodase,  or  Orthoclase  and  Oligoclaae,  witb  Quartz ; 
embedded  in  tlie  paste  are  orfBtals  or  cirstalline  srams  of 
Quartz  and  Ortluiclase,  and  in  some  vanetiea  of  Sanidlne, 
Oligodaee,  and  occasionally  Mica. 

Wlien  the  matrix  is  exceesively  felsitic  with  a  splintery 
fracture,  and  hard  enough  to  Btroke  fire  with  steel  and  to 
be  ecratclied  only  with  difficulty  by  rock  crystal,  tlie  rock 
is  called  Porphgritie  Siamttoiu.  A  variety,  whose  n^trix 
has  a  dull  and  uneven  fracture  and  is  more  evidently  crys- 
talline  than  the  last,  is  the  typical  Porphyritie  FdUUme. 
When  the  matriz  is  dull  and  earthy,  the  rock  ia  known  as 
FarpkyriUe  Clayttone:  this  form  is  probahlythe  result  of 
decomposition.  In  most  Felstone  the  Quartz  is  so  inti- 
mately mixed  up  with  the  Felspar  as  not  to  be  separately 
reoognisable  by  the  eye,  and  where  it  ia  separated  out 
it  usually  occure  in  rounded  lumps ;  one  varietv,  howerver, 
contains  cryitalg  of  Quartz  embedded  in  a  felsitic  paste. 
This  rock  is  sometimes  called  by  the  objectionable  name  of 
Qiiarh  Porphyry  ;  perhaps  EhmitiU  mig^ht  be  used  to  dis- 
tinguish it. 

The  majority  of  the  Felstonos  are  oom^act  rocks,  but 
occanonal^  they  show  a  porous  and  vesicular  texture ; 
such  occur  in  the  ThurinMPwald  and  elsewhere,  and 
are  woiled  for  nullBtoneB,  wuence  their  name  "miUstone- 
porphyry."  It  does  not  seem  to  be  satisfactorily  made 
out  whether  the  peculiar  texture  of  these  rocke  is  original, 
or  whelber  it  is  due  to  decomposition  ;  if  the  first  is  the 
ease,  they  would  take  the  same  place  among  the  Felstones 
that  Pumice  occupies  omon^  the  Trachytes. 

Felstones  also  occur  witb  a  globular  oonoretionary 
structure,  correeponding  in  some  &gree  vith  the  similar 
varieties  of  TradLyte. 

Schistose  Felstones,  spotting  into  slabs,  are  also  met 
with,  and  may  be  analogous  to  the  laminated  form  of 
Trachyte.  It  is  somewhat  doubtful  in  many  oases  how 
far  this  structure  is  original  and  how  far  it  is  due  to  a 
rearrangement  of  the  partictee  of  the  rook  after  its  forma- 
tion, by  which  it  had  a  tendency  g^ven  to  it  to  spUt  into 
slabs.  We  shall  see  by-and-by  that  many  rocks  have 
had  this  structure,  which  is  known  as  cleavage,  set  up  in 
tiiem  by  being  subjected  to  great  pressure. 

Soma  schistose  Felstones  are  undoubtedly  cleaved,  but 
in  thfi  esse  of  some  of  the  corresponding  Trachytic  forms 
it  seems  so  impossible  that  they  can  have  been  subjected 
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isuBt  look  on  these  pl&ly  etnicturee  as  origioaL* 


A  e. — Granitn. 

The  Granite  group  includes  two  prindpsl  rarietiee, 
Oranite  propeo-  and  Sjenitic  or  Homblendic  Granite. 

Or  anile. — ^A  ooarae  dystaQine  mixture  of  Febpar, 
Quartz,  and  Uica.  The  Felspar  and  Quartz  are  mingled 
into  an  a^^egate,  through  which  the  Mica  k  strewn  about 
without  any  order  or  arrangement. 

The  Felspar  u  often  alfOrthocIase,  but  many  Granites 
contain  Oligodase  aa  well ;  the  latter,  howerer,  is  never 
found  alone.  In  the  Granite  of  the  Moume  Mountains  in 
Ireland,  Frofeasw  HauRhton  found  Albite  "incrusting 
the  intersfioes  of  the  Orthoclose  and  Quartz  in  the  cavities 
of  the  rock,"  and  "in  the  bod;  of  the  rock  itself  in  small 
qnantitiee."  | 

The  Quartz  rarely  occurs  crystallised ;  usually  as  glsRiy 
lumps,  which  fiU  up  the  spaces  between  the  other  minerals, 
and  ar«  sometimes  seen  to  have  moulded  themselves  on  the 
latter. 

The  Mica  is  more  usually  the  white  Potash  Mica  than 
the  dark  Magneeian  Mica. 

The  grain  of  Granite  shows  every  degree  of  variety, 
from  close  and  compac-t  up  to  excessive  coarseness.  The 
more  finely-grained  varieties  occur  most  pleutiiully  in 
veins  or  cei  the  edges  of  large  masses ;  in  such  cases  we 
frequently  find  the  Granite  to  become  gradually  finer  and 
finer  in  grain,  and  to  lose  its  Mica  by  degrees,  till  at 
last  it  passes  first  into  Elvanite,  and  tiien  by  insensible 
gradation  into  a  rock  indistinguishable  from  compact 
Felstone. 

The  large-grained  Qranites  usually  owe  their  coarseness 
to  the  presence  of  large  cr^-stals  of  Orthoctoae ;  sometimes 
the  latter  oontrast  so  strongly  in  size  with  the  other  mate- 
rials as  to  give  the  rock  a  porphyritic  aspect.  In  the 
variety  known    as  Graphio  Grauit«  the  Orthoclaee  and 

*  The  rocl  called  H^leflints  hetmfter    to    tw   d«M*ibsd    m 

sod  tome  other  achutooa  felaputhie  Hetunofphio. 

rockt,    which     are    omi&lly    pat  t  Qout.  Joam.  GeoL  Koc.  of 

tmong  ths  Feltttone*,  seem  to  be  Iiondon,    lii.    190 ;     Ueolopcal' 

onqneitioiiab)}'  kltored  mcka,  uij  Uagaiins,  vL  661. 
mart  ba  pUoed  among  the  rocki 
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QnaztE  ue  arranged  somewhat  in  ultemato  plates,  and  the 
latter  penetrat^e  the  former  in  such  a  way  that  a  sectioa 
perpendicular  to  the  lEunina  shows  figures  whioh  have 
been  compared  to  Hebrew  charactere. 

Variation  in  the  propoitioii  of  the  constituents  and  the 
presenee  of  accidental  minerals  give  rise  to  niuneious 
vartetiee  of  Granites,  which  petroloffiete  have  honoured 
with  distinct  names;  all  the  principal  Tarieties,  however, 
pass  into  one  another,  and  aone  of  them  seem  entitled  to 
th.e  distinction  of  being  considered  well-marked  rock 
Bpeoiee. 

Sj/mitie  Granite. — If  the  Uica  of  Granite  is  accompanied 
or  ireplaoed  by  Hornblende,  the  rock,  according  to  the 
nomenclature  in  use  in  England,  is  called  Syenite.  The 
German  petrngraphere,  however,  usually  call  such  a  rock 
Sy^tic  or  Homblendic  Granite,  and  define  Syenite  to  be 
a  crystaUine  compound  of  Orthoclaae  and  Hornblende.  It 
seems,  however,  that  there  are  numerous  conneddng  links, 
caused  by  the  nadual  disappearance  of  the  Quartz  and 
Uioa,  between  Homblendic  Granite  and  the  Syenite  of  the 


ChamioT  and  Xmsrftl  idaatitT  of  Addio  X 
The  description  given  of  the  chief  varieties  of  Trachyte  and 
Felst<me  point  to  a  strong  resemblance  in  mineral  compo- 
sition and  in  petrological  structure  between  these  two 
rocks.  The  analyses  given  below  confirm  this  idea,  and 
all  the  facta  lead  to  the  belief  that  the  two  are  in  all 
essential  particulars  one  and  the  same  rock,  and  that  any 
diSerenoea  that  do  exist  between  them  are  due  either  to 
the  conditions  under  which  they  were  formed  or  to 
changes  that  have  been  impressed  upon  them  since  their 
formation.  Granite  again  differs  from  these  two  rocks 
mainly  in  two  respects :  first,  it  contains  a  considerable 
proportion  of  Mica,  a  mineral  which  ie,  however,  occa- 
Biimally  present  in  both  of  them  ;  secondly,  in  Granite  the 
Quartz  usually  occurs  in  masses  large  enough  to  be  easily 
recognised,  while  in  most  of  the  Fetstones  and  Trachytes 
it  is  so  intimately  mixed  up  with  the  Felspar  of  the  paste 
as  not  to  be  detected  by  mere  inspection ;  B<mie  (^  the 
Quartz  Trachytes,  however,  and  the  variety  of  Felstono 
which  has  been  distinguished  as  Elvanite,  approach  Granite 
in  the  distribution  of  their  Quartz. 

Taxtnral  Tuieti«B  puts  Into  ona  anotlur. — We 
may  say  then,  that,  as  far  as  mineral  and  chemical  compo- 
Biti<m  go,  all  the  members  of  the  Addio  class  of  Crystal- 
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line  rocks  are  almost  identically  the  same,  the  variations 
which  they  show  in  these  two  respecte  being  confined 
within  veiy  narrow  limits  ;  and  it  is  mainly  on  the  score 
of  texture  that  the  several  spedes  are  separated  from  one 
another  and  receive  different  names.  And  in  this  respect 
it  is  instructive  to  note  how  the  different  forms  can  be 
arranged  in  a  series,  such  as  is  given  in  a  tabular  form 
below,  which  shows  the  most  complete  and  gmdual  passage 
from  one  extreme  to  the  other.  At  one  end  stand  the 
coarsely-grained  Granites  and  some  of  the  rougher  forms  of 
Quartz  Trachyte ;  a  little  finer  than  these  are  Elvanite,  Por- 
phyritic  Felstone,  and  ordinary  Quartz  Trachyte ;  these  last, 
as  the  grain  becomes  by  degrees  smaller  and  smaller,  pass 
insensibly  into  the  flinty  Felsites  and  Bliyolites ;  at  last, 
by  going  still  in  the  same  direction,  we  reach  the  perfect 
glass  of  Fitehstone  and  Obsidian.  And  this  is  no  mere 
lanciftd  arrangement,  it  is  the  very  order  in  which  rocks 
of  this  class  are  often  found  to  occur  in  nature.  The  out- 
side of  a  body  of  ciystalline  rock  often  oonBists  of  a  wall 
of  Fitchstone;  further  in  the  mass  the  rock  gradually 
merges  into  Felsite ;  and  this,  as  we  get  well  into  the  heart 
of  the  mass,  becomes  more  distin^y  crystalline  till  it 
passes  into  one  of  the  coarsely-grained  forms. 

The  fact,  just  stated  is  so  fi3l  of  meaning  that  we  have 
thought  it  well  to  place  it  here  before  the  reader,  though 
by  good  rights  it  belongs  to  a  more  advanced  stage  of 
Oeology  than  Lithology,  and  we  will  further  anticipate  by 
pointing  out  its  meaning.  We  shall  learn  by~Bnd-by 
that  the  crystalline  mass  was  once  thrust  in  a  melted  stat« 
through  the  rocks  which  surround  it ;  the  outside  portions, 
which  touched  the  oold  rocks  on  either  side,  cooled  fastest 
and  assumed  a  glassy  form  ;  then  comes  a  space  where  the 
cooling  was  slower,  but  yet  not  slow  enough  to  allow  of 
the  formation  of  distinct  dystals ;  in  the  interior,  from 
which  the  heat  escaped  very  slowly,  there  waa  time  enough, 
'  before  the  mass  cooled,  to  allow  of  the  formation  of  lujge 
and  num^tius  crystals,  and  the  rock  put  on  a  coarsely- 
grained  dystalline  texture. 

That  the  above  explanation  is  true  in  many  cases  there 
can  be  little  doubt :  in  other  cases,  however,  it  is  possible 
that  the  molten  mass  contained,  when  it  was  poured  out, 
crystals  previously  formed  in  it,  or  derived  from  the 
aajoining  rocks.* 


a,  Tolcauoea,  pp.  116,  IIT. 
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B. — Intebuediate  Boces. 

Of  the  endless  varieties  of  rocke  that  may  be  placed 
under  this  head  the  following  have  been  selected  aa  the 
commonest  and  most  typical 

Quaritleti  li'aehytea. — Theee  rocks  consist  of  Sanidine, 
with  or  without  Oligoclase,  embedded  in  a.  lough  porous 
felspathio  paste,  usually  of  a  dull  white  or  pale  grey 
cdonr,  but  occasionally  showing  darker  tints.  The  chief 
varietiee  of  the  Quartzless  Trachytee  have  been  distin- 
guished, accordine  to  the  nature  of  ttieir  prevailing  mineral, 
as  Samdine-Tra(£yt6,  Oligoclase-Trachyte,  and  Sanidine- 
Oligoclase-Trachyte. 

Andgiite  is  a  name  given  to  a  Trachytto  rock  in  the 
Andes,  The  descriptions  given  by  different  petrologists  of 
it  are  very  conflicting,*  but  it  seems  to  be  mmnlj  an  Ohgo- 
clase  Trachyte,  with  a  composition  very  closely  approaching 
that  of  the  Sanidine-OIigoclose  variety,  though  it  is  doubtful 
whether  Sanidine  occurs  in  it.  Zirkel  makes  four  varieties: 
Homblende-Andesite  with  Quartz,  Quartzless  Homblende- 

•  See  Cotta,   Bocks  Cluufled  liltle  duheoitening.      Bat   thej 

mnd  Deecri'bed  (Etigliah  Traiula-  will  not  leem  to  ■taitling.  if  we 

tioD),  p.101.    Buoh  discnpanciea  reSect  that  no  Urge  bo(^  of  rook 

M  tboee  deaoribed  in  the  ptnage  haa  aayibhiff  like  e  nnifoim  oom- 

refemd  to,  iMtwoen  the  dncrip-  poBition,  and  tlut  the  examination 

lun«  nven   by  aathon  of  nn-  of    hand-apecimeni   taken    from 
doubUd  ability  and  bnttworthi- 
neaa  of  the  DiinenJ  compoailion 
of  the  Huse  rock,  *re  at  Orat  not  a 


retoltB  widely  difibring  & 
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Andeaite,  Au^it«-Andeut«  with  Quartz,  and  QoarUleee 
Augite  Andesite.  The  varietiea  contaising  Quartz,  how- 
ever, aeem  to  have  a  lower  percentage  of  tliat  mineral  than 
the  Quartz  TrachyteB. 

DomiU  is  an  earthy,  fiiable  rock,  found  in  the  district  of 
the  Pay  de  Dome  in  Central  France,  probably  an  altered 
OligoclaBe  Trachyte. 

"niere  are  two  varietieB  of  the  Trachytes  which  have 
received  distinct  names  on  aocaunt  of  their  Btnictural  pecu- 
liarities. 

PearUtom  or  PerliU  la  a  concretionaty  form,  in  which  the 
rock  is  made  up  of  irrespjlar  balls  or  spheres,  often  with  a 
concentric  and  radiated  structure.  Tk&  texture  is  often 
imperfectly  glassy,  which  gives  the  surfaoe  of  the  spheroids 
a  peariy  lustre,  whence  the  name. 

CUnkttone  or  PhonoliU  hae  a  scaly  or  slaty  structure,  bo 
much  so  at  times  that  it  can  be  split  into  slabs  for  roofing. 
It  is  somewhat  poorer  in  Silica  tlian  the  generality  of  the 
Trachytes,  but  it  ia  geologically  connected  with  Trachyte. 
It  win  be  recollected  that  forms  analogous  to  these  two 
occur  among  the  Quartzose  Trachytes  and  the  Feletonee. 

Some  of  the  ObeidJans  and  Pumices  are  the  glassy  and 
frothy  forms  of  Quartzless  Trachytes. 

MimtU. — ^ThiB  rock  is  com^Med  of  an  abundance  of 
Magnesian  Afics  in  a  f elspathic  paste,  whose  ctuopoeition 
resembles  very  doeely  t^t  of  Orthoclase.  F&tes  of 
Orthodase  may  be  occasionally  detected,  and  very  rarely 
grains  of  Quartz. 

The  Uica  is  very  plentiful,  quite  equal  in  quantity  to  the 
paste  usually ;  sometimes  thb  mineral  is  so  abundant  that 
the  rock  seems  altogether  made  up  of  it.  The  distinguish- 
ing character  of  this  rock  seems  to  be  its  large  pro^rtion 
of  Mica,  which  diatinguiahes  it  from  Micaceous  Syemte  and 
other  rocks  composed  of  Orthoclase  and  Mica. 

SymiU  (of  the  Germans).— This  rock  is  defined  to  be  a 
coarsely  crystalline  mixture  of  Orthodase  and  Hornblende ; 
it  contains  also  a  tridinic  Febpar  (Oligoolase  according  to 
O.  Rose)  vei7  often,  Mioa  frequently,  and  occasionally 
scone  Quartz. 

The  only  difference  between  Syenite  and  the  Homblendic 
form  of  Granite  seems  to  be  that  the  former  contains  very 
much  less  Quartz  than  the  latter ;  in  fact,  in  order  to  entitle 
a  rock  to  the  name  of  Syenite  this  mineral  ought  to  occur 
in  such  small  quantity  as  to  be  no  more  than  accessory. 
Syenite  is  an  admirable  instance  of  the  way  in  which  rocks 
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of  the  intermediate  claaa  form  connectiiig  linVB  between 
those  of  the  Acidio  and  Basic  subdi-viBioae.  Caeee  have 
been  noticed,  on  the  one  hand,  where  the  Quartz  gradually 
increasoe,  and  the  rock  paaeee  into  an  Homblendic  Gbtmite ; 
and,  on  the  other  hand,  the  Orthoclase  has  been  found  to 
disappear  b;  degrees,  and  the  rock  to  shade  off  into  a 
Diorite. 

Closely  allied  to  Syenite  is  a  rock  Trhich  has  been  called 
Symitt  Porph^/ry  b;  G.  Boss,  and  QuarhUet*  Orthoelatt  Pof 
phyry  by  ZirkeL  The  two  differ  mainly  in  texture,  Syenite 
being  crystalline  throughout,  while  Syenite  Porphyry  is, 
as  its  name  implies,  more  or  less  porphyiitic,  and  consists 
of  crystals  of  Orthoclase,  Oligoclase,  Komblende,  and 
Uarneeian  Uica,  embedded  in  an  orthodastic  paste.  It 
voidd  probably  be  safe  to  look  upon  this  rock  as  a  varied 
of  Syenite,  and  call  it  Forphyritio  Syenite. 

0. — ^Basio  Booza. 

The  rocks  of  this  dosa  may  be  grouped  under  tlie  fol- 
lowing heads : — 


Oligodaae  and  Hornblende. 
Compaot  form.     Aphanitt. 
Crystalline  form.     Common  IHoriU  and  PorphgriU. 

0  h. — Melaphyru. 
Oligoclase  and  Angite.* 

Cc—Sataltt. 
Labradorite  and  Augite. 
Glassy  form.     Tatht/liU. 
Compact  form.     Common  Batalt. 
Finely  oiyBtalline  form.     AnamttiU. 
Coarsely  crystalline  forms.     LoUriU,  Mypertthmi  Botk, 
Oaibro. 
Altered  (F)  form.    Diahatt. 

C(t.—CornU. 
AnortMto  and  Augite  or  Hornblende. 
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Cu.—Diorite». 

Tlie  rocks  th&t  come  ander  this  head  are  essentiBlIv  mix- 
tures of  OUgoclase  and  Hornblende.  The  Hornblende  may 
be  replaced  by  Mica,  generally  Magneeian  Mica.  Quartz 
ie  aometimee  preaeat,  but  the  Quartidesa  and  Quartzoae 
forma  pass  into  one  another  by  inseasible  gndations,  eo 
that  geologically  no  line  of  separation  can  be  drawn  be- 
tween them. 

The  Dioritea  may  be  grouped  according  to  their  texture 
nnder  three  heads : — 

Compact  Diorite  or  Aphanite. 
Granular  Diorite. 
Porphyritie  Diorite. 

AphaniU  is  a  rock,  corresponding  to  Fekite  among  the 
Felstones,  of  bo  closely  grained  and  even  a  texture  that  no 
crystals  can  be  detected  in  it  by  the  naked  eye ;  a  perfect 
^issage  can  be  traced  from  it  into  ordinary  Gnmulor 
iMorite,  and  there  can  be  no  doubt  that  it  is  Uie  compact 
form  of  that  rock.* 

Granular  Diorite  is  the  form  to  which  the  term  Dioiite 
alone  is  usually  applied.  It  is  a  mixture  of  crystals  of 
Oligodaee  and  Hornblende,  coarse  enough  to  allow  of  its 
crystalline  texture  being  readily  recognised,  and  fairly 
uniform  in  grain  throu^out.  Usually  Qranular  Diorite 
contains  a  larger  percentage  of  Hornblende  than  Felspar, 
and  sometimee  the  former  mineral  so  far  predominate  as 
to  make  up  almost  the  whole  of  the  rock. 

Porphyritie  Diorite^  differs  from  the  last  vanety  in 
having,  as  its  name  implies,  a  porphyritie  texture.  Whereas 
in  Graaidar  Diorite  no  one  part  of  the  rock  is  more  dis- 
tinctly ciystalline  than  the  odier,  the  present  form  consists 
of  crystals  set  in  a  compact  paste.  The  paste  is  probably 
Oligoclase,  the  crystals  are  of  the  same  mineral  with  occa- 

+  This  ia  the  rock  called 
'^hyritt  by  Zirkel.  Tha 
Here  aasigned  to  it.  It  in  ofian  nune  ia  not  deaiiable,  on  ac- 
made  to  include  all  Basic  rocks  nf  count  of  ita  reaemblance  to  the 
BO  fine  and  clou  a  texture,  that  objeclionahle  noun  Porphyr.v; 
their  Tnmeml  composition  cannot  and  it  has  been  used  hy  ditfer- 
be  learned  by  mere  inapectioa.  ent  enthora  in  different  aenaea, 
In  thia  wider  aenee  many  Apha-  till  there  aeema  little  hot>e  of  > 
iiitea  ore  the  compact  forms  o(  ever  tying  it  down  to  a  definite 
flabbro  and  other  crj>t>Uiu< 
icicki — Baaalt  in  fact. 
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aionall;  Bome  of  Homblende,  which  is  in  some  cases 
replaced  b7  Uica.  The  paste  is  sometimeB  omyi^daloidaL 
The  QnartdeBB  foimH  of  this  rock  are  more  pl^tiful  thao 
the  QuBitzoee. 

These  three  forms  of  Diorito  correspond  with  the  aiialo- 
goDB  varieties  of  Felstone  thus : — 

Apbanita.  I  Feints. 

GiKQnlar  Diorile.  I  Onmu'ar  Felatone. 

Porpbyiitic  Diorite.  |  Porphyrilic  FelaMua. 

Perfect  pasaagee  exist  from  each  form  into  the  one  next 
to  it,  and,  as  in  the  case  of  the  Felstones,  there  is  no  doubt 
that  the;  are  merely  Tarieties  of  the  same  rock,  which  have 
assumed  different  textures  on  account  of  a  dlfiereiice'  in 
the  condition  under  which  they  were  formed. 

In  some  rocka,  which  in  other  respects  correspond  with 
Granular  Diorit«,  Orthoclase  is  sparmgl;  present.  These 
form  connecting  links,  when  they  are  Quajtzless,  between 
Diorite  and  Syenite,  and,  when  they  contain  Quartz,  between 
Diorite  and  Hombleudic  Gbauite. 

C  h. — Mtlapiyra. 

Probably  no  name  has  been  so  ill  used  by  petrogmphers 
as  that  of  Uelaphyr.  It  has  been  employed  by  so  many 
different  authors  in  different  senses  that  by  itself  it  has 
long  ceased  to  bear  any  definite  meaning.  We  may  how- 
ever usefully  follow  Zirkel  in  limiting  it  to  rocks  composed 
of  Oligoclase  and  Augite  with  some  Magnetite. 

The  grain  of  these  rocks  varies.  They  are  occasionally 
porphyritic,  veiy  frequently  compact,  and  glassy  varieties 
ore  said  to  have  been  observed.  They  are  also  veiy  often 
vesicular  or  amygdaloidal  As  the  name  implies,  the 
colour  is  usually  dark. 

Ce.—SatalU. 
The  rocks  grouped  under  t^i"  head  are  essentially  mix> 
tnres  of  Labradonte  and  Augite,  or  some  augitic  mineral ; 
they  also  contain  Titaniferous  Magnetite.  In  some  varieties 
the  Iiabradorite  is  replaced  by  Nepheline  or  Leucite. 
Olivine  enters  very  generally  into  their  compodtioQ,  so 
frequently  indeed  that  by  some  petrologists  it  is  looked 
upon  as  an  essential  constituent.  The  Basaltic  rocks 
may  be  grouped  according  to  their  texture  under  the 
heads  of — 
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Tacliylite,  or  Basaltic  Olosa. 
Gommoa  Basalt,  the  compact  form. 
Anameeite,  or  finely  crystalline  Basalt. 
Doletite,  or  largely  crystalline  Basalt. 
Oabbro,  or  coarsely  crystalline  Basalt. 

The  most  inarsely  crystalline  members  of  the  Basalt 
^^up  are  dietinspiiehed  as  Gahhro.  In  this  rock  the  Aunte 
IS  most  commonly  replaced  wholly  or  in  part  by  the  alSed 
mineral  Diallage,  and  in  this  cose  the  rock  is  often  called 
DuiUagt  roek.  Qabbro  is  as  a  rule  a  very  ODarsely-grained 
rock,  closely  resembling  Granite  in  teiture,  and  it  holds 
among  the  Basic  rocks  a  place  corresponding  to  that  occu- 
pied by  Granite  in  the  Acidic  class. 

A  Basolitic  rock,  whose  grain  is  not  so  coarse  as  in 
Gabbro,  but  coarse  enough  to  allow  the  constituent 
crystals  ia  be  readily  recognised  by  the  naked  eye,  is 
ceUled  DoleriU.  Sometimes  Hypersthene  takes  the  place 
of  Augite,  and  the  rock  ia  then  known  as  Bypertthant 
rock.  11  Uie  Labradorite  is  replaced  by  Leudte  we  get 
LtweiU  roek. 

In  many  Dolerites  Carbonate  of  lime  and  Iron  are 
present,  intimately  mixed  up  with  the  body  of  the  rock. 
When  in  addition  to  these  minerals  GMorite  is  also 
present,  the  rock  is  known  as  Diahatt.  There  is  every 
reason  to  beliere  that  these  Carbonates  and  the  Chltmte 
were  not  present  originally  in  the  rock,  but  have  been 
produced  after  its  formation  by  the  alteration  of  sonie  of 
i(«  mineral  constituents.  Hence  Diabase  is  probably  only 
an  altered  form  of  Dolerite. 

If  we  suppose  the  grain  of  Dolerite  to  be  so  far  reduced, 
that  we  can  perceiTe  in  a  general  way  that  the  rock  is 
crystalline  without  being  able  clearly  to  distinguish  its 
constituent  minerals,  we  get  the  Toriety  called  Anameiitt. 

The  rock  generally  known  as  Batalt  is  a  still  more  finely 
grained  form.  This  is  a  dark-coloured,  apparently  homO' 
geneouB  lock,  with  a  dull  conchoidal  fracture.  So  compact 
is  it  that  it  was  for  a  long  time  looked  upon  as  a  simple 
mineral,  but  chemical  analyBis  and  microscomc  examina- 
tion prove  it  to  have  the  same  composition  as  Dolerite. 

Even  the  close  Anamesites  and  Basalts  become  occasion- 
ally porphyritic  by  the  appearance  in  them  of  grains  or 
dystkls  of  Olivine,  Labradorite,  Augite,  and  Magnetite. 
The  first  mineral  is  said  to  occur  more  commonly  in  Basalt 
than  in  the  other  varietieB  of  the  Basaltic  family. 
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Both  Colerite,  Anameeite,  and  Sosalt  put  on  sl&ggy, 
Teeiculax,  and  amygdaloidal  forma. 

The  last  term  in  the  eeriee  is  furaiehed  by  the  ^aasy 
form  known  as  Tachyliit,  which  stands  in  the  same  relatiun 
to  Basalt  ae  Fitchstone  does  to  FeLiite.  That  TachyHte  is 
only  glassy  Basalt  is  proved  by  uumeroas  instances  in 
which  a  passage  can  be  traced  from  one  into  the  other. 
Professor  A.  Qeikie,  in  describing  the  fiasaltio  veins  of 
the  Island  of  £igg,  saja,  ."towards  the  edge  of  the  vein 
the  grain  of  the  rock  is  usually  very  close,  passing  some- 
timea  through  various  stages  of  flinty  Basalt  into  bright, 
black,  lustrous  TuchTlite.'*^* 

0  rf.— Cirwfo. 

The  rocks  in  vrhich  Auordtite  has  been  recognised  as  a 
constituent  mineral  are  as  yet  but  few.  One  of  the  beat 
known  is  the  so-called  Orbicular  Diorite  of  Corsica,  but,  as 
this  is  not  a  Diorite  in  the  common  acceptation  of  the 
term,  it  will  be  better  to  call  it  Corsite  or  Napoleonite. 

The  rock  is  a  granular  mixture  of  Anorthite,  Horn- 
blende, and  a  little  Quartz. 

The  moet  noticeable  variety  occurs  in  Corsica ;  the  rock 
there  ia  made  up  of  balls  from  one  to  three  inches  in 
diameter;  each  has  a  central  kernel  composed  either  of 
the  FelsjMr  or  of  Hornblende,  and  round  this  there  wrap 
concentno  ooate  first  of  one  mineral  and  then  of  the  other, 
so  that  a  oroBS  section  shows  rings  alternately  of  a  dark 
and  light  colour.  Such  a  structure  is  called  Concretionar}-, 
and  is  by  no  means  uncommon  in  Crystalline  rocks  espe- 
cially of  the  Basic  class.  Other  rocks  are  known  having 
the  same  composition  as  Corsite,  but  without  concre- 
tionai?  structure. 

For  an  account  of  another  rock  consisting  of  Anorthite 
and  Hornblende  or  Augite  see  Chapter  VII. 

The  above  are  all  the  Ci^stalline  rocks  we  shall  be  con- 
cerned with  for  some  time  to  come.  The  Foliated  and 
Schistose  rocks  we  shall  defer  till  the  chapter  on  Metamor> 
phism. 

We  add  a  table  showing  the  chemical  composition  of 
the  principal  varieties  of  the  Ciystalline  rocks. 

*  QuarL  Jouni.  Oeol.  Soc.  of  London,  zxrii  S94. 
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SECTION  TI.— N0N-0ET8TALL1KB  BOCKa 


We  will  DOW  pass  to  the  Becond  great  diviaion  in  our 
lithologicaJ  dassificatioik,  namely  the  NoD-fOTBtalline 
Rocke. 

Texture. — Under  the  head  of  texture  we  may  uotioe 
that  the  binding  cement  in  these  rocks  may  be  soft  or 
small  in  quantity,  in  which  case  the  rock  is  enmblf  and 
firiaiU;  or  it  may  be  hard  and  plentiful,  when  the  rock 
will  be_/!rffl  and  tolid. 

According  to  the  size  of  their  particles  these  rooka  may 
be  subdivided  into  Coantif-yraintd,  ^nely-grained,  and 
Clotely-gram«d  or  Cotupaet. 

In  Bome  ooarsely-grained  rockfi  lumps,  seneibly  larger 
than  the  toajority  of  the  partidee,  are  scattered  through  ue 
body  of  the  rock.  Such  are  called  Conglom«r*t*»  or  Pudding- 
*toiut,  when  the  larger  portione  are  rounded )  and  Br«ee%u», 
when  th^  are  angular, 

Sabdiviaioiui  of  the  Voa-oryvteUlnv  Sookc. — The 
oompoeition  of  the  Non-orystalline  rocks  is  far  lesa  complex 
than  that  of  the  Ciystalline  rocks,  and  their  claaailioation 
hence  becomee  an  easier  matter.  The  great  mass  of  them 
are  made  up  of  one  or  more  of  the  four  minerak,  Quarts, 
Clay,  Carbonate  of  Lime,  or  Carbon,  and  they  fall  naturally 
into  four  groups,  according  as  their  prerailing  ingredient 
is  the  first,  eecond,  third,  or  fourth  of  these,  and  their 
classification  will  be  as  follows ; — 

\tt  Clot*. — AivtuutoM  or  Stmdjf  Roekt.  Composed  mainly 
of  rounded  or  broken  grains  of  Quartz.  The  cement  may 
he  either  siliceous,  argillaceous,  calcareous,  or  a  mixture 
of  any  of  these  three  substances. 

.  2Md  Clou. — ArgiUaetoui  or  Clayty  Roth.  Pure  Clay, 
which  is  the  rnflin  constituent  of  rocks  of  this  Clay,  is  a 
.hydrated  bisilioate  of  Alumina.  Besides  Clay  the  majority 
of  the  Argillaceous  rocks  contain  mixtures  of  Sand,  Car- 
bonate of  Lime,  and  other  minerals. 

ird  Clati.—Caitareow  Roelt  or  Ziw«it<MtM.  Composed 
of  Carbonate  of  Lime,  with  admixtures  of  Sand,  Clay,  and 
other  matters. 

4lh  CUuM. — Carhcnaceou*  Rockt.  Composed  of  Carbon, 
Hydrogen,  Oxygen,  and  Nitr(^;en,  wim  earthy  admix- 
tures. 

As  in  the  case  of  the  Crystalline  rooks  no  hard  lines  can 
be  drawn  between  these  classes,  since  all  sorts  of  inter- 
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mediAtfi  fomiB  occur.  TIiub  tor  instance  there  are  many 
rocka  oontaininff  both  Sand  and  Oarbonate  of  Lime,  whidi 
mig'ht  be  placed  indifferently  in  the  Ist  olaaa  as  Calcareous 
Sandstones,  or  in  the  3rd  as  Sandy  Limectones  ;  but  in  a 
very  large  number  of  the  Non-oryBtalline  rooks,  either 
Sand,  day,  or  Carbcooate  of  lime  is  present  in  so  mnoh 
larger  quanti^  than  any  other  ingredient,  that  we  are 
justified  in  eetablishing  the  subdiviaionB  just  given,  and 
able  without  any  difficulty  to  decide  in  wnich  of  tbem  a 
given  rook  ought  to  be  placed. 

We  may  now  notioe  some  of  the  prindpal  varieties  of 
«ach  class  of  the  Non-crystalline  rocks. 

1. — AxxKACBona  ok  Saiist  Boces. 

A  mass  of  more  or  less  rounded  grains  of  Quartz,  not 
bound  tf^ether  by  any  cement,  constitutes  Sand. 

Soei  ^Md  ifl  a  term  applied  to  masses  of  Sand  which 
hold  together  sufficiently  to  stand  up  in  natural  rocks, 
but  are  not  firm  enough  to  yield  stone  for  building  pur- 

Wben  tlie  Qnarti  grains  are  firmly  bound  ti^ether  in 
any  way,  we  get  a  strong  rock  and  call  it  SandtUmt.  The 
term  is  geuerally  restricted  to  those  rocks  in  which  there 
is  not  much  difference  in  size  among  the  grains.  In 
moet  cases  the  solidity  of  the  rock  is  due  to  a  cement, 
which  fills  up  the  interstices  between  the  grains  and  binds 
them  together.  If  Hua  cement  be  Carbonate  of  Lime,  the 
rook  is  called  a  Calearteut  Sandttottt ;  if  Quartzose,  a  Siii' 
Motit  Sandttont.  Very  siliceous  Sandstones  with  an  even 
dose  grain  are  called  CatJi,  CioJuUme,  or' Oailtard.  Many 
Sandstones  also  contain  Clay :  such  are  called  AryHlaetotit 
8aitd*Um*.  Sandstones  containing  recognisable  bits  of 
Felspar  are  called  lil^Mthie  SoMdtUmM.  Sandstones  con- 
taimug  a  large  quantity  of  Peroxide  of  Iron  are  distin- 
guish^ as  Fermginoug  or  Riuty ;  they  are  red,  brown,  or 
yellow  in  colour  (see  p.  18). 

If  some  of  the  particles  of  a  sandy  rock  are  larger  than 
othen,  BO  that  a  beshly  broken  surfaoe  has  a  i^>^^  gntty 
feel,  Uie  rock  is  called  a  Grit  or  OriUtone.  The  term 
however  is  not  generally  applied  to  friaiU  sandy  rocks, 
however  ooarse  they  may  be,  but  is  restricted  to  those 
which  are  hard  aad  ^firm. 

When  a  sandy  rock  contuna  pebbles  of  Quartt  or 
Quartzoee  rock  embedded  in  a  finer  ground-mase  of  ^and. 
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it  forma  a  Siliacui  or  Quariiou  Conglomeratt-  The  adjectiTe 
is  very  generally  dropped  and  the  rock  etyled  simply  a 
Conglomerate,  becauBe  the  pebbles  of  a  great  majont;  of 
Conglomerates  are  Quartz ;  the  reasons  for  this  being,  first, 
that  Quartz  is  a  substance  very  plentiful  in  the  rocks  of 
the  earth's  crust,  and  aeoondly,  that  on  account  of  its  great 
hardness  it  is  able  to  survive  in  pebbles  of  considerable 
size  wear  and  tear  that  grinds  softer  substances  to  powder. 
The  rounded  lumps  in  &)nglomerate8  are  of  all  sizes  from 
small  pebbles  up  to  blocks  some  feet  in  diameter.  In 
some  cases  the  pebbles  of  a  Quartzose  Conglomerate  are 
cemented  together  by  substances  other  than  Quartz,  such 
as  Carbonate  of  Lime  or  Oxide  of  Iron. 

Some  other  Quartzose  rocks  via.  be  noticed  under  the 
head  of  Uetamorphic  Socks. 

The  grains  of  a  rock  that  is  decidedly  sandy  will  scratch 
gUsB,  and  this  test,  which  however  it  is  seldom  necessary 
to  apply,  may  be  used  when  there  is  any  doubt  about  the 
oompoaition  of  the  rock.  When  the  Quartzose  element  is 
disguised  by  the  p^eenoe  of  a  large  mixture  of  a  softer 
substance  such  as  Clay,  the  rock  may  be  pounded,  and  the 
powder  drawn  with  preeaure  between  me  finger  and  a 
plate  of  glass ;  any  Quartz  grains  that  may  be  present  will 
then  make  scnitches. 

2, — AnaiLUCEOire  oa  Clatet  Boceb. 

Clay,  the  main  ingredient  of  tliese  rocks,  is  a  mineral  we 
have  not  yet  hod  occasion  to  notice.  It  has  been  obtained 
in  the  first  instance  by  the  deoompositlou  of  a  Fotash  or 
Soda  Felspar,  and  perhaps  can  scarcely  be  properly  de- 
scribed as  a  mineral,  but  should  rather  be  called  a  product 
of  decomposition.  Li  ordinary  parlance  any  aubatance  that 
can  be  worked  up  with  water,  ao  as  to  become  plaatio  or 
capable  of  being  moulded,  is  styled  Clay ;  and  in  this  wide 
sense  days,  as  might  be  expected,  show  considerable 
differences  in  composition.  But  if  we  separate  from  any 
'  clayey  substance  the  mechanically  mixed  impuritiea,  the 
residue  will  be  a  bydrated  silicate  of  Alumina;  and  it  is  to 
the  fact  that  Clay  contains  water  in  a  state  of  chemical 
combination  that  its  plasticity  is  due.  Chemists  are  by  no 
means  agreed  about  the  composition  of  pure  Clays,  and  it 
is  likely  that  there  are  several  varieties  differing  from  one 
another  in  the  proportion  of  silica  and  the  amount  of  water 
thi'y  contain.      Many   days  however  approximate  veiy 
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clowlj  to  a  'Hjdiated  Bisilicate  of  Alumimi,  with  the 
formola — 


2SiO 
Silica    . 

AJ;0,+2H,0. 

13-9 

The  neareat  approach  to  pore  Clay  is  Kaolin  or  China 
Clay.  The  natural  depoeitA  oontain  grains  of  Sand, 
plates  of  Mioa,  and  other  impuritiee;  and  when  tbeee 
are  washed  out  there  remains  a  pure  white  plastic 
Claj,  need  for  TnaVing  porcelain  and  the  finer  kinds  of 
pottery. 

Pyw  Clay  is  a  similar  white  pure  Clay,  which  ahrinTia  too 
much  from  heat  to  he  available  for  pottery  pui^oses.  It 
is  important  that  both  China  Clay  and  Rpe  Clay  should 
be  free  tzora  Iron,  which  acts  as  a  flux  and  causes  the  Clay 
to  melt  instead  of  bakmg  in  the  furnaces. 

Pot  Clayi  are  less  pure  than  China  Clay,  and  the  ware 
made  from  them  is  coloured  and  coarser :  all  that  is 
required  of  them,  is  that  they  should  form  with  water  a 
plastic  mass,  and  be  capable  of  baking. 

Still  coarser  Claye  serve  for  Briek  Clay»;  the  finer  varie- 
ties, consisting  of  a  very  finely  divided  and  intimate  mixture 
of  Clay  and  Sand,  are  called  Briek  liirth.  Brick  CUye 
should  not  contain  too  much  Iron,  but  a  moderate  quantity 
of  the  Protoxide  is  said  to  give  strength  and  hardness  to 
briclo. 

firt  Ciojf*  are  varieties  which  will  stand  intense  heat 
without  melting.  They  must  be  free  from  alkalies,  alka- 
line earths,  and  iron,  which  act  as  fluxes.  Fire  Clays 
always  contain  a  much  larger  percenta^  of  Silica  than  is 
necessary  to  form  a  Sisilioate ;  part  of  this  certainly  in  some 
caeoB  existo  as  a  mecliauical  mixture,  partly  as  insoluble 
and  partly  as  colloidal  Silica.  The  Clay  for  instance 
whose  analysis  is  given  below  contains  Silica  in  both  these 
states,  while  the  residue  is  very  nearly  a  Hydrated  fiisili- 


Silioa  as  Sand d6'9d 

Silica  soluble  in  hot  solution  of  Carbonate  of  Soda       1-39 
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B«sidue  after  the  above  Silioa  is  removed — 

Silica 45-30 

Alumina  ....  3408 
Iron,  Sesqniozide        .         .       3*27 

Lime 0-87 

Uagaeeia  ....  I'l4 
Potaeh  ....  80« 
Water         ....     12-29 

The  followiii^  analyses  will  show  the  average  eomposi- 
tion  of  different  Mods  of  Cla; : — * 


(I) 

m 

(8) 

W 

<6) 

*»-44 

40'S8 

66-68 

48-32 

ef'i6 

3426 

8B-01 

26'OS 

SS'T4 

22-22 

7-74 

1-94 

1-26 

0-37 

1-B2 

1-48 

1-30 

O'M 

g-se 

014 

l-M 

^ 

tnee 

0-44 

0-18 

6U 

18-fi7 

614 

12-67 

»-»6 

(1)  ConunoD  FottBrr  Clay,  wiU  not  stand  heat. 

(2)  Be«t  Potten  Clay,  baming  wtdte. 

(3)  CoBTse  landy  China  Cky. 

(4)  BsMEaolm. 

(6)  Fii«  Clay,  Stonrhiidge. 

£oam  is  a  mixture  of  Clay  and  Sand,  the  latter  being 
present  in  sufficient  quantity  to  allow  of  water  percolating 
through  the  mass  and  to  prevent  its  binding  together. 
Clayey  rocks  which  apKt  into  layers  or  beds  are  called 
Shale :  Bind,  Blue-hind,  Piatt,  Shiver  are  other  names 
applied  by  miners  to  the  same  rock.    Bhales  containing 

■  See  also  Catalogue  of  Sped* 
mena  of  the  Ciaye  aod  Plaetio 
Stnta  of  Qieat  Biitain  in  Uu 


1  of   Practical   Q«oloay, 
.    G.  W.  Haw. 
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B  Bufficient  qiiantity  of  Iron  FyriteB  are  used  for  the 
manufacture  of  Alum,  and  are  called  Alum  Sholei.'*  When 
there  is  a  good  deal  of  Sand  present,  the  rock  is  called 
Arnaetoa*  or  San^  SAait,  or  Stone  Bind,  or  Soel  Bind. 
These  forms  pass  gradually  into  ArgUlaceoua  Sandstones 
and  common  Sandetone.  ^ales  stained  dark  by  vegetable 
matter  are  called  Carbonaesotu  Shale,  Btut,  or  Satt.  When 
such  Shales  contain  a  sufGcient  quantity  of  bituminous 
matter  to  be  used  for  the  manufacture  of  Paraffin  they  are 
called  Oil  Shaiei.  Such  Shales  pass  gradually  into  Cannel 
Coal oocafiionally.   ThestreakofOilShatesisusually brown. 

Jfttdetone  is  a  convenient  name  for  clayey  rocks  uiat  have 
the  appearance  of  partially  hardened  masses  of  sandy  mud. 

Mart  is  Clay  containing  Carbonate  of  Lime ;  if  the  rook 
eplite  into  plates,  it  is  caUed  Marl  Slate. 

Other  akjeiy  rocks  will  be  noticed  under  the  head  of 
Uetamotphic  Books. 

When  Clay  is  presort  to  any  extent  in  rooka,  they  give 
out  an  earthy  smell  when  breathed  upon.  Even  the 
hardest  clayey  rocks  can  be  worked  down  by  pounding  or 
grinding  them  with  water  into  a  more  or  less  doughy  and 
plastic  mass. 

3. — Cauukbous  Bocks  on  Lixxstohes. 

Host  varieties  of  this  class  depend  on  the  extent  to  which 
the  Carbonate  of  Lime  is  mixed  with  clayey,  aondy,  and 
other  impurities. 

Ciaiii  is  a  white  Limestone,  usually  soft,  ixmttumng 
eometimea  as  much  as  94  to  98  per  cant,  of  Carbonate  of 
Lime.  The  more  clayey  varieties  go  by  the  name  of  Chalt 
Marl. 

Some  other  limestones  are  as  pure  as  Chalk;  thus 
stmie  Bpedmena  of  the  Mountain  lomesUme  contain  only 
4  per  cent,  of  impurities.  But  in  the  majority  of  Lime- 
stones foreign  matters  are  present  to  a  large  extent. 
When  there  is  a  considerable  percentage  of  Clay,  the  rock 
is  called  an  ArgUUeeimt  I/iMMtont.  The  Lime  obtained  by 
burning  some  A^fiUaceotis  Limestone  forms  a  mortar  that 
sets  unaer  water :  such  are  c^ed  SydratUie  Limettonei.j 

Limestones oontaininga large  siliceous eleonait  are  called 
Silieeovt  LimetUme*.     When  the  calcareous  part  of  such 

*  Ra«0(Mt  Etemantuy  LaMont  Technology,  and  Wfttte'a  Die- 
in  CbMtytn,  p.  SOS.  tionirj  of  Chraiutiy,  Ait  "  Bi- 

t  8«e      Wsgntr'a     Chamkal      licatts  of  CUciDiii." 
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rocks  has  been  dissolved  out  by  the  action  of  wafer,  a  sort 
of  siliceous  skeleton  is  left  called  Sotientlont.  Fassages 
Bometimee  occur  from  Cakareons  Sandstones  into  Lime- 
atone,  and  the  intermediate  forms  are  called  locally  Com- 
ttoiut.  Some  Comstones  contain  so  much  more  Carbonate 
of  Lime  than  Sand  that  they  are  burnt  for  Lime  in  dis- 
tricts where  purer  Limestones  are  not  easily  obtained. 

Limestones  at&ined  a  dark  colour  by  deoomposed  vege- 
table or  animal  matter  are  called  Carbonaceoua  or  Bituminmu 
Limtttont ;  such  rocks  often  give  off  a  fetid  smell  when 
struck  by  the  hammer,  and  are  then  spoken  of  as  Fetid 
Limeatone  or  Btinkstone, 

Limestones  occasionally  pat  on  a  cong^meratic  or  breo- 
ciated  form,  and  contain  pebbles  or  angular  fragments  of 
Quartz  or  other  rocks. 

A  Limestone  bard  and  close  grained  enough  to  take  a 
poUsb  is  called  Marble.  Some  of  the  so-callea  Marbles  of 
conmierce  however  are  not  Calcareous  rocks  at  all. 

Magnttian  Ltmettotut.—The&e  rocks,  which  are  ntainly 
made  up  of  Carbonate  of  Lime  and  Carbonate  of  Uagneeia, 
are  called  Ua^eoian  Limestones  or  Dolomites.  Usually 
no  distinction  is  drawn  between  these  two  terms  ;  they  are 
need,  sometimes  one  and  sometimes  the  other,  as  if  they 
were  only  two  diilerent  names  for  the  same  rock.  Possibly, 
however,  at  least  three  distinguishable  varieties  of  mag- 
nesio-calcareous  rocks  exist,  and  it  may  be  convenient  to 
restrict  one  of  these  terms  to  one  form  and  the  other  to 
another. 

Whether  the  carbonates  exist  in  the  rocks  we  are  con- 
sidering in  a  state  of  mechanical  mixture,  or  of  (^emical 
combination,  is  not  certainly  known.     Both  Fondihammer* 
and  Karsten  found  ihat  certain  Mognesian  Limestones  could 
be  separated  into  two  parts.     One,  which  was  soluble  in 
oold  acetie  add,  had  the  following  composition  r — 
Carbonate  of  Lime      ,        .     97-13 
Carbonate  of  Magnesia        .       287 
When  this  ptniion  had  been  dissolved  out,  there  rsmfuned 
an  inB<duble  gnuiular  residue  having  the  composition — 
Carbonate  of  Lime  .     5338 

Carbonate  of  Magnesia        .     41'42t 

■  BiKho^  Ohttnicsl   Oeologj,  the  coDolnainn  aTrived  at  is  I'ery 

ii.  4B.  apptoumHtirelj,    but     not    ez- 

+  St«»T7  Hoot   lut   repeated  actly,  eorreet.--Silliman'i  Jooni. 

theae  expcoimenti,  and  Bsda  tbat  Snd  ttr.  zzTiiL  180. 

D.D.t.zea  by  Google 


UAGNESIAN  LIUBSrOKES.  73 

^e  tatsta  that  the  latter  portion  has  neorlj  the  theo- 
retical oompoeitioii  of  a  double  Carbonate  of  Lime  and  Uag- 
nesia,  and  that  it  is  insoluble  in  cold  acetic  add,  led  to  the 
belief  that  it  was  a  chemical  oompound.  But  insensibility 
to  the  action  of  acetic  acid  is  a  fact  whose  value  has  been 
somewhat  diminished  since  the  time  when  the  experimenta 
were  made,  for  it  has  been  lately  shown,  that  the  behavioui 
of  this  add  towards  carbonates  variM  veiy  considerably 
with  the  ciroumstonceB  under  which  it  comes  in  contact 
with  them.* 

We  cannot  saT  positively,  therefore,  whether  the  insoluble 
residue  of  the  limestones  operated  on  is  a  chemical  com- 
pound or  a  meohaujcal  mixture  of  the  two  carbonates.  The 
insoluble  portion  has,  however,  the  same  composition  as 
one  of  the  forms  of  Bitter  Spar,  and,  like  it,  is  not  acted  on 
by  cold  acetic  add ;  it  may,  therefore,  be  looked  upon  as 
probably  Bitter  Spar ;  and,  in  speaking  of  it  thus,  we  do 
not  pronounce  any  opinion  as  to  whether  it  is  a  chemical 
oompound  or  not,  for  this  is  a  point  respecting  Bitter  Spar 
whidi  is  equally  open  to  question.  There  is,  then,  proba- 
bly, one  form  of  magnesio-calcareous  rock  oonsistmg  of 
Bitter  Spar  and  Carbonate  of  Lime.  Other  rocks  of  the 
same  family  ooatain,  perhaps,  no  soluble  portion,  and  con- 
sist essentially  of  Bitter  Spar ;  and  there  may  be  others 
wholly  soluble,  consistinff  of  Carbonate  of  Lime  and  Carbo- 
nate of  Magnesia.  If  thiw  be  ho,  the  following  nomencla- 
ture niay  be  usefully  employed  ; — 

DoUmiU,  a  rock  consisting  essentially  of  Bitter  Spar. 

Dolomitie  Limaione,  a  rock  which  is  eBseutiaUya  mixture 
of  Bitter  Spar  and  Carbonate  of  Lime,  or  of  Bitter 
Spar  and  Carbonate  of  Magnesia. 

Magnenan  LimeatoHf,  a  rock  which  is  essentially  a  mixture 
of  Carbonate  of  Lime  and  Carbonate  of  Magnesia. 

In  nature  all  these  rocks  contain  frequently  lai^  quan- 
tities of  sandy  and  clayey  impurities,  which  give  rise  to 
sandy  or  mar^  varieties. 

There  are  other  calcareous  rocks  which  have  been 
produced  by  the  alteration  of  some  of  the  above  forms. 
These  will  be  described  in  the  chapter  on  Metamor^hism. 

While  we  are  dealing  with  oonniounds  of  Lime  we 
may  mention  that  Oypsum  frequent^  occurs  in  sufficient 
quantily  to  form  rock  masses. 

*  I  UD  indebted  to  my  friend.  Dr.  ThorpA,  for  calling  my  atUntion 
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IiimeBt(»ie  rocks  may  be  readily  recogniaed  by  touching 
them  with  a  little  dilute  acid,  when  thej  will  efierveece,  the 
escape  of  gsa  being  more  plentiful  ae  the  rook  ia  more 
pure.  If  the  Limestone  be  powdered  and  dissolved  in 
acid,  acid  being  added  in  amall  quantities  till  efiervescenoe 
oeaaes,  any  Bandy  and  clayey  impuritiee  will  remain  behind, 
and  by  mtering  and  drying  the  residue  its  composition 
may  be  roughly  determined.  If  clayey.  It  will  work  up 
into  a  plastic  mass  with  water,  and  give  out  an  earthy 
odour  when  breathed  upon ;  if  sandy,  ite  particles  viU 
scratch  glass.  In  ivactice  however  it  is  seldom  necessaiy 
to  take  all  this  trouole  ;  Limestones  are  soft  enough  to  be 
scratched  even  with  the  blunt  edge  of  a  hammer,  and 
have  a  look  which  is  soon  recognised  after  a  little  experi- 
ence. They  are  also  dissolved  away  by  rain-water,  and 
their  exposed  surface  has  a  cavernous  and  worn  shape,  not 
easily  described  in  words,  though  to  get  to  know  the  look  of 
it  is  easy.  By  such  signs  the  practical  geologist  soon  leams 
to  recognise  a  Limestone ;  he  may  distingmsh  the  earthy 
varieties  by  their  smell  when  breathed  upon,  and  iu  any 
sandy  forms  grains  of  Quartz  can  generally  be  detected 
with  a  pocket  lens  on  a  freshly  broken  surface,  or  will  be 
seen  sticking  up  on  a  weathered  face. 

Magnesian  Limestones,  which  approach  Dolomite  in 
compositiou,  effervesce  feebly,  or  not  at  all,  with  cold  adds ; 
reamly,  when  powdered,  in  wann  add.  When  Carbonate 
of  Magnesia  is  present  in  quantities  smaller  than  in  Dolo- 
mite, it  is  sometimes  necessary  to  use  chemical  anaLysis  to 
be  sure  of  its  presence  ;  very  often  however  even  ia  such 
cases  the  rock  contains  cavities,  the  walls  of  which  are  coated 
with  crystals  of  Bitter  Spar,  and  these  may  be  distinguished 
from  Calcite  by  their  feeble  effervescence  with  acids,  and 
by  their  faces  being  frequently  curved  and  somewhat 
pearly  in  lustre.  By  these  teats  we  can  sometimes  form  a 
fair  guess  that  a  Limestone  is  Magnesian;  frequently, 
however,  nothing  short  of  analysis  will  settle  the  point. 

Gypsum  wUl  not  effervesce  with  adds,  and  is  soft  enou^ 
to  be  scratched  with  the  finger-nail.  These  teata  and  a 
little  acquaintance  with  spedmena  will  enable  the  student 
to  recognise  it. 

4. — Casboitageous  Bocks. 

There  are  ouly  two  varieties  sufficiently  common  to  de- 
serve notice  here.  Coal  and  GrapkiU. 

Coal  is  too  well  known  to  need  any  description.    In 
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itioii  it  differs  from  woody  fibre  onlj  in  aontsininff 
a  U^r  peroentage  of  Carbon  and  a  emaller  percentage  o{ 
Oxygen  and  Hydrogen. 

The  following  table  gives  the  averse  composition  of 
woody  fibre  and  peat  and  of  the  different  kinoB  of  Goal, 
and  fdiows  how  by  the  gradual  remoral  of  the  (^ygen  and 
Hydrogen  we  pass,  step  by  step,  from  the  first  to  a  sub- 
stanee  m  which  sottrcely  anything  but  Carbon  is  left. 


Ckrbon. 

HTta.. 

OiTO». 

nb™- 

iAIn. 

47-89 
S4.1 

es-s 

86-4 
76-GS 

S0-S8 
MSB 
91-4* 

i-07 
St 
6M 
6« 
7-64 
1-60 

4-e 

5-52 
8-4e 

43-11       0-73 

8-20 

4-9  to  10-0 

u-4e 

0-8  to  4T-1 
13-82 

t-4e 

3-69 
1.89 
2-31 

1 

4(l-l 
24-3S  1     0-98 

Gc«lfaomBo»M    .... 

10'28 
8-8! 
8-44 
S'33 

a-68 

1-SS 
I'lS 
1'6S 

3-07 

Runilej  BtuuD  Ci»l  . . 
Hntton  Seu  HomeOad 

The  gradual  ttansition  from  Wood,  which  is  abont  half 
Carbon,  to  Anthracdte,  which  is  nearly  all  Carbon,  is  shown 
still  more  dearly  in  the  following  table,  taken  from  Dr. 
Percy's  "  Metallurgy, "  in  which  the  total  amount  of  Carbon 
in  each  vanety  is  reckoned  as  100,  and  the  Nitrogen  and 
Aah  ar9  n^letrted. 


I_ 


Wood 

P«»t 

Li^to 

Tenyud  Coal  of  South  fitafibtddilte . 

Tfne  Steam  Coal 

Peutnfclin  Coal 

'.  Anlhiacit* 


83-07    i 
6S-a7 
42-43 
21-28 
18-33    ; 

C-38    I 

1-74 
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Sesides  this  resemblance  in  chemical  composition  to 
TOody  fibre,  microBoopic  examination  frequently  sbowB  in 
Coal  portions  still  retaining  the  characteristic  texture  of 
plants  and  othei  traces  of  vegetable  remains. 

On  such  general  grounds  the  vegetable  origin  of  Coal 
has  been  for  a  long  time  nnivers^j  admittwl,  and  this 
view  haa  been  of  late  years  materially  strengthened  and 
rendered  more  definite  by  the  diacoTery  of  the  fact  that 
some  Coals  are  made  up  almost  entirely  of  the  spores  and 
Bpore-cBsee  of  plants  closely  allied  to  the  modem  Club- 
mosses.  In  the  cryptogomic  or  fiowerless  plants  multipli- 
cation is  effected  by  bodies  called  Sporu,  which  oorreepond, 
as  far  as  their  ultimate  products  are  concerned,  to  the 
seeds  of  flowering  plants.  In  some  cases  it  is  known  that 
there  are  two  kinds  of  spores,  mierotporet  or  little  spores, 
and  m^wrotpore*  or  large  spores,  the  first  producing  the 
fertilisinff  matter,  and  the  second  developmg  ovules  or 
germs.  In  the  common  Club-mofis  one  kind  otspores  only 
has  been  observed,  and  its  mode  of  reproduction  is  not 
understood.  The  spores  are  containea  in  bags  called 
Sporangia  or  Spore-eaiei.  In  some  Club-mosses  and  Horse- 
tails uie  sporangia  are  placed  within  cones  or  spikes, 
consisting  of  scales  or  leaves  overlapping  each  other,  and 
the  sporangia  are  lodged  in  the  spaces  between  the  scales. 
Now  among  the  commonest  of  tiie  fossils  found  in  the 
strata  among  which  Coal  occurs  is  one  that  goes  by  the 
I  name  of  Lepideitrobtu.  In  external  appearance  it  resembles 
strongly  the  spikes  of  the  modem  CliKt-moss.  Dr.  Hooker* 
obtained  specmiens  of  these  conos  with  the  internal  stme- 
ture  preserved,  and  showed  that  they  consisted  of  scales 
supporting  sporangia,  which  contained  spores  marked  with 
a  tnradiate  ndge  on  their  tinder  side.  In  the  arrangement 
of  the  scales,  the  attachment  of  the  sporangia,  and  the  shape 
and  markiiigs  of  the  spores,  these  oonea  correspond  with 
those  of  the  Club-moss.  I^.  Bobert  Brownf  afterwards 
described  a  fossil  cone  colled  by  him.  2Viplo»poriUt,  which 
^rees  with  a  modem  lyoopodiaceous  plant,  SilagiaelUi,  in 
containing  both  large  and  small  spores,  the  microspores 
being  found  in  both  genera  on  the  middle  and  upper  scales 
of  the  cone,  and  the  macrosporee  on  those  of  the  lower  por- 
tion.    Ur.  Carrutherst  has  since  examined  another  fossil 

*  Hamoin  of  the  G«o1(wicBl         t  I^wiMctioiw    UoDttui    80- 
Snm;  of  England  and  VfaiM,      oiety,  xx.  169  (lUl). 
voL  ii,  put  2,  p.  UO  (1U6}.  {  GeoLUaB.ii.4Sl;TLiei,28«. 
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oone,  which  he  haa  named  Flemingittt,  the  sporangiia  of  which 
&how  a.  triradiate  marking  on  their  imdereide,  and  agree 
with  thoee  of  Lepidostrobue  in  oontainin?  only  microsporeB. 

Now,  as  far  back  as  1840,  Frofeaeor  Monie  figurea  some 
small  bodies  found  in  the  cxial  of  Coalbrook  Dale,  of  the 
nature  of  which  he  was  at  that  time  unaware.*  These 
bodies  agree  so  exactly  in  shape,  size,  and  the  triradiate 
marking  with  the  spores  or  spore-caaea  detected  by  Hooker, 
Brown,  and  Carruthers  in  the  cones  just  deacribad,  that 
there  can  be  no  doubt  that  they  hare  been  shed  from  one 
or  other  of  them,  and  the  coal  in  question  is  certainly  made 
up  in  part  at  least  of  the  spores  of  a  lycopodlaceous 
punt.  Similar  bodies  hare  been  observed  by  nofessoTS 
Balfour  and  Huxley,  Mr.  Binney,  and  others,  in  oth^ 
beds  of  Coal,  and  in  some  cases,  the  Better  Bed  of  Brad- 
ford for  instance,  the  seam  is  ^moet  entirely  made  up  of 
them.  Ute  plant  to  which  Zeptdoitrohu  belonged  is  ex- 
tremely common  in  the  beds  associated  with  Coal ;  it  is 
called  Ztpidetleitiron,  and  specimens  of  it  with  the  cones 
attached  to  the  branclLes  are  by  no  means  uncommon. 
We  can  now,  then,  go  further  than  the  general  statement 
that  Coal  is  of  vegetable  origin ;  we  know  that  among  the 
plants  which  contributed  to  its  formation  one  of  the  com- 
monest was  a  close  ally  of  our  present  Club-moss,  and  that, 
in  some  cases  at  least,  it  was  Uie  spores  of  that  plant  that 
furnished  nearly  all  the  material  of  the  fossil  fuel.  It  is 
worthy  of  note  that  the  spores  of  the  Club-moss  are  so 
highly  inflammable  that  they  are  eminently  suited  to  give 
rise  to  a  oombuetible  substance  like  Coal. 

There  is  one  other  little  point  to  which  we  may  call 
attention,  because  it  shows  that  a  mass  of  the  spores  of  Lyoo- 
podium  is  in  other  respects  well  £tted  to  give  rise  to  a  aub- 
Btance  like  Coal.  Dr.  J^StenhouseremarJw,"!- that,  whilethe 
amount  of  Nitrogen  in  Coal,  and  consequently  the  quantity 
of  Ammonia  which  it  yields  when  subjected  to  destructive 
distillation,  is  very  large,  the  stenu  and  trunks  of  trees, 
when  they  undergo  the  same  process,  yield  scarcely  any 
amount  of  nitrt^nous  matters.  These  parts  of  plants 
therefore  do  not  seem  the  right  material  to  give  rise  to 
Coal.  Both  Lycopodium-spores,  however,  and  Feat 
yielded  large  quantities  of  Ammonia  when  destructively 

*  In  Prof.  Prestwick'a  Pspei      2nd  wries,  vol.  v.  pl»te  xziviiL 
on   Ute    Geology  of    Coalbrook      figa.  S— 11. 
Dole^  TiauMoUoat   Geol.    Soo.,  t  FhiLTiaiHBatioiM,  lBCO,pp. 
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dietUled,  and  they  are  tlierefore  a  much  more  liVel;  source 
to  look  to.  Feat,  horerer,  and  apparently  Lycopodium- 
spores,  did  not  yield  Aniline,  QainiliDe,  Picoline,  and  oilier 
basee  bo  abundantly  fumislied  by  Coal,  but  a  dietinot  group 
of  bases  in  their  place;  henoe  it  is  probable  that  the 
plants  'which  fumiahed  the  material  of  Coal,  though  they 
were  closely  allied,  were  not  identical  with  the  modem 
Club-moss  and  the  plants  out  of  which  our  Feat  is  formed, 
for  it  is  a  well-known  fact  that  the  bases  yielded  by  the 
destructiTe  distillation  of  plants  are  different  in  different 
plants. 

The  amount  of  sporee  neceaearr  to  form  a  seam  of  Coal 
is  so  enormous,  that  some  little  hesitation  may  be  feh  at 
first  in  accepting  the  view  that  some  Coals  are  made  up 
of  little  else  but  these  minute  bodies.  I^ar^  accumula- 
tions,  however,  of  vegetable  matter  of  a  similar  character 
have  been  observed  in  recent  timee.  Dr.  John  Davy  de- 
scribes a  shower  of  a  "sulphurous  substance"  in  Inver- 
ness-shire in  1858.*  The  "snlphurouB  substance"  was 
found  to  be  the  pollen  of  the  Fir  ( Anut  »glve»tria) ;  it  lay  in 
some  places  to  a  depth  of  half  an  inch,  and  was  noticed  at 
mints  thirty-three  miles  apart.  Sir  John  Bichardson  in- 
loimed  Dr.  Davy  that  the  surface  of  the  great  lakes  in 
Canada  is  not  unfrequently  covered  with  a  scum  of  the 
some  pollen.  Similar  occurrenoea  have  been  observed  in 
the  forests  of  Norway  and  Lithuania. 

In  connection  with  this  subject  the  reader  may  further 
consult  the  papers  mentioned  in  the  foot-note  below.f 

We  will  in  a  subsequent  chapter  explain  how  the  materials 
of  Coal  were  collected  together  and  brought  into  their  pre- 
sent shape. 

The  chief  varietiee  of  Coal  are  as  follows : — 

lAgniU  or  £roum  Coal  sometimes  consists  of  a  matted 

*  Froceedingi   Royal  Society  logy.  End  ed.,  pp.  138,461,493. 

BdiDbnrah,  vol.  iv.  p.  167  (1H£9).  Qnekett,  Qu&n.    Joqtti.    Uicni- 

I  am  indebted  to  my  fiiend  Mr.  soopiciJ  Sue.,  No.  6,  p.  43  ;  l^nne- 

L.  C.  Miall  for  calling  my  att^n-  aclioaa  Uicroai^npirBj  tjoc,  ii.  34. 

lion  to  this  aiid  the  paper  liuit  Bennelt,  Tiungsctiona  Royal  Soc. 

quoted,  and  for  other   valuable  of  b^dinburgh,  ui.  pt.  i.  p.  173. 

uaistanoe  in  eonnection  with  Ihe  Balfbnr,  ditto,  p.  IBT.     Hailry, 

■ubject  in  hand.  Critiqui-B  aud   Addreaaea,   p.  S2. 

f  DawBOQ,  Qoatt.  Janm.GeoL  Willi.imHOD,  MaciDillBD's  Miga- 

a<-c,   ii.   132,  X.   1,  zv.  477,  62S,  line,    ixiz.  404.     Biiiney,  Mnn- 

ziii  9S;  Annals  of  Nat.  History,  Chester  Lit.  and  Phil.  Sue.,  M&ich 

1871,  p.   321 ;    Silliman'a  Joar-  1874.     BiKhoff,  Ohem.  Geology, 

nal,  Ap.,   1871 ;    Acadian   Q«o-  i  3J3. 
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IDBS8  of  stenu  and  bramcheB  of  plants,  etUl  retamiog  their 
woodf  fibre  and  onl^  partiaUy  miaeraliBed.  They  Have  a 
low  nieatiiig  power,  usually  make  a  good  deal  of  ash,  and 
Bometdmes  give  off  an  offensive  odour  when  burning. 

Tbe  best  Cancel  Coal  is  compact  and  bae  a  ahining  lustre, 
witb  a  concboidol  fracture,  and  does  not  soil  tbe  fingers. 
It  is  of  great  value  for  gas-making,  and  owing  to  the  lai^ 
proportion  of  gas  which  it  yielda  it  will  bum  with  a  clear 
flame  like  a  candle,  whenoe  ita  name.  There  are  however 
all  Borte  of  inferior  varietiee,  and  from  the  most  impure  of 
these  a  gradual  paseage  often  takes  pla«e  into  very  carbon- 
aoeouB  black  Sbale.  Tbeee  imperfect  Oannels  are  called 
in  some  parts  of  England  Stone  Coal,  a  term  applied  in 
other  parte  to  Anthracite. 

Tbe  ordinary  Goals  used  for  household  puntosas  vair 
much  in  character.  Some  varieties,  known  as  Caking  Coal, 
fuse  into  a  pasty  maaa  as  they  bum,  and  ret^uire  frequent 
poking  to  keep  them  alight.  Others  bum  without  caking. 
The  amount  of  ash  too  is  very  variable ;  some  Goals  choke 
up  the  fireplace,  oUierB,  like  the  Kilbum  Goal  of  Derby- 
snirQ,  may  be  burnt  the  day  tbrougb  and  not  leave  a  tea- 
spoonful  of  ash.  A  very  beautiful  variety,  known  as 
Cherry  Coal  in  Scotland  and  Sroneh  Coal  in  Yorkshire,  has 
a  shiny  resinous  lustre,  lights  readily,  boms  cheerfully,  and 
leaves  little  ash. 

The  above-named  and  other  similar  varietiee  of  Goal  are 
usually  classed  together  as  "  Bituminous : "  tbe  term  is  not 
chemically  ootrect,  for  though  the  Goals  contain  the  con- 
stituents  of  Bitumen,  they  do  not  contain  Bitumen  itself. 
On  the  other  hand,  Anthracito,  which  is  nearly  pure  Garbon, 
is  described  as  Non-bituminous.  The  Goab  called  Splint, 
Sard,  or  Stfom  Coat  are  intermediate  in  composition  and 
pFopertiee  between  "Bituminous"  Goals  andT Anthracite. 
They  are  more  difficult  to  light,  but  have  a  greator  heat- 
ing power  than  "Bituminous"  Coal.  They  are  of  great 
▼uue  for  looomotivee  and  marine  engines.  Some,  like 
the  Bamsley  Steam  Goal,  consist  of  thin  semi-aDthracitio 
layers  alternating  with  othete  of  a  more  "Bituminous" 


Anthraeito  is  heavier,  harder,  and  has  a  more  thoroughly 
mineralised  look  than  "  Bituminous  "  Coal,  qualities  weU 
expressed  by  its  popular  name,  Stone  Coal.  It  rarely  soils 
the  fingers,  has  veiy  frequently  a  sharp  conohoidal  fracture, 
and  a  brilliant  lustre.  Other  varieties  are  dull,  or  break 
into  small  cubical  lumps.     It  is  difficult  to  light,  but,  when 
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ignited,  p.-iea  ont  intense  heat,  aad  boms  witKout  flame 
and  with  little  smoke.* 

GrapMt»,  Plumiaffo,  or  Slack  L»ad  occurs  as  an  accesBOiy 
constituent  of  (Granite,  Gneiss,  and  other  rocks,  in  veins  or 
pockets,  aad  onxsasionally  in  a  state  of  approximate  purity 
m  beds.  It  oonsiats  of  Carbon  with  about  five  per  cent,  of 
impurities,  such  OB  Silica,  Alumina,  and  OzideofL^n.  There 
is  good  reason  in  many  cases  to  believe  that  it  is  only  an 
extreme  form  of  Anthracite,  that  is,  it  is  a  Coal  from  which 
theeaeeoua  elements  have  been  completely  withdrawn. 

Tm  student  who  wishes  to  learn  how  to  recognise  rocks 
and  minerals  will  find  it  necessary  to  study  and  handle 
actual  specimens.  With  practice  he  will  gradually  become 
able,  by  means  of  the  descriptions  and  teets  given  in  the 
preceding  pages,  to  name  correctly  a  large  number  of  the 
commoner  spi'dcs,  specially  in  those  cases  where  the  grain 
of  the  rock  IB  large  enough  to  enable  the  constituent  mine- 
rals to  be  picked  out  separately.  But  in  some  instances, 
such  as  very  compact  Crystalfine  rocks,  the  composition 
ean  be  ascertained  only  by  examining  thin  transparent 
slices  under  the  microscope.  This  is  a  branch  of  ZitEdogy 
beyond  the  scope  of  an  elementary  treatise ;  those  who 
wish  to  pursne  it  may  refer  to  "The  Microscope  in 
Geology,  Otohgieai  Magmint,  iv.  511.  Presidential  Ad- 
dress, "Transactions  of  the  Gleolagical  Society  of  Ire- 
land," ii.  98.  Sorby,  "  On  the  Microscopical  Structure  of 
CrystaJs,"  Quart.  Jour.  Oeol.  Sue.,  xiv.  453.  Zirkel,  "Die 
mikroskopischs  Beschaffenheit  der  Mineralien  und  Qee- 
teine."  Eosenbusch,  "  Mikroskopische  Fhysit^raphie  der 
petrographisch  wichtigen  Mineralien." 

SECTION  Vn.— PETHOLOGT. 

We  have  now  learned  the  main  facta  that  can  be  aaoer- 
tained  about  the  principal  rocks  of  the  earth's  crust  by  an 
indoor  examination  of  hand  specimens.  We  have  next  to 
inquire  what  additional  information  we  shall  gain  when  we 
study  rocks  on  a  large  scale  in  the  field. 

Outdoor  work  wifl  reveal  to  us  many  peculiarities  of 
structure  too  large  to  be  shown  by  hand  specimens.  But 
instead  of  giving  a  bare  list  of  these  here,  it  will  be  more 
convenient  to  d^er  the  description  of  most  of  them  till  we 

■  For  fullei  dstaDi  of  tha  dif- 
ferant  Tnrietisi  of  Cokl,  Me 
Crooku  and  Bohrig,  Mttallargj, 
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oome  to  inquire  about  the  ^ents  and  the  methods  by 
which  tho7  were  produced.  Two  points  however  it  wiU 
be  desirable  to  nabce  at  once. 

Strfttiflofttioa  or  Ssddiiiff. — ^A  reij  Iai^  nTuaber  of 
rod^  when  they  are  exposed  on  the  face  of  a  quany,  on 
a  river  bank,  or  on  a  sea  cliff,  are  seen  to  be  out  up  by  a 
number  of  parallel  planes  of  division  into  layers,  wUoh 
separate  more  or  less  readily  from  one  another,  so  that  the 
rook  oonsists  of  a  number  of  flat  tabular  masses,  each 
keeping  pretty  much  the  same  thickness,  laid  one  on  the 
top  of  the  other. 

Such  a  structure  is  called  Strati/ieation  or  Bidding  from 
the  Latin  word  liratum  a  bed,  the  rock  is  said  to  be  ttrati- 
fi»d,  and  tho  Utots  are  called  Bedi  or  Strata. 

Fig.  6,  whi<^  b  a  sketch  of  an  actual  quarry,  is  an  in- 
stance of  a  group  of  stratified  beds. 

Beginning  at  the  top  the  beds  are  as  follows : — 


UUuOocfa^OhuHtorafBtd  Pl!^ 

1.  Beddithauid 16* 

Z  Vbita  mail;  limeslcnt,  npper  part  finilo  or 
iplhtmg  into  thin  Uf  en,  lowar  part  lampj 

ormTjbly 8J   6 

3.  Brown  day  ■pHtttng'  into  tbin  Uyoi        ..19 

4.  Soft  «>na 10 

fi.  Hud,  white,  mazly  limeitona  ....  2     0 

6.  Brown  day  iplitting  into  tlun  Uyen        ..16 

7.  White  marly  limastone     .....  2     0 

8.  Soft  tnown  land 19 

9.  Hard  oraam-coloared  Hmeitone         ...  9 

lO.  Soft  bioim  nod 8     0 

tl.  Solid  gray  blocky  limestone      ....  6      0 

13.  Sandy  day 6     0 

13.  Stiff  Dine  cUy 4     0 

Belatioii  bttwaan  Stratiflcatum  ajid  CrTatallin* 
or  Von-cryat^Iina  Tsxtnra. — In  a  veiy  large  majority 
of  cases  we  shall  find,  that,  if  a  reck  it  ttratifitd,  it  u  alto 
Non-eryiUmint. 

And  we  shall  also  find  that  a  v»ry  large  number  of  t/u 
Cry»taSiii«  rod*  haet  no  bedded  tfnuture,  or  are  watratified. 

There  will  be  exceptions  to  these  generalisations.  We 
shall  meet  with  rocks  whidi  are  bedded  and  crystalline  as 
well ;  but  when  we  come  to  inquire  how  these  rooks  were 
formed,  we  shall  find  that,  in  most  cases,  either  they  were 
originally  non-crystalline,  and  have  been  subsequently 
altwed  so  as  to  acquire  a  crystalline  texture,  or  that  their 
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bedding  mis  obtained  in  a  different  iray  from  tbat  of  the 
non-<iTBtaIline  stratified  rooks.  These  and  a  few  other 
exoeptiona  will  be  better  imdentood  -whea  the  reader  has 
gone  through  the  chapters  on  the  fonnation  of  rochs. 

FoBsiliftFou  uid  UnfoHiliAroiu  Books. — Again, 
in  man;  rocks  we  ahaU  find  what  are  undoubtedlj  the 
ranains  of  animals  and  Tegetables,  shdls  of  moUuecs, 
eorals,  bones  and  teelli  of  fish,  reptiles,  and  other  creatures, 
leaves,  stems,  and  fruits  of  trees  and  plants.  Sometimea 
these  are  scurcel;  altered  at  all  frcan  their  original  oon- 
dition ;  sometiniee  the  substances  of  which  thsv  originally 
consisted  have  been  replaced  by  various  nunerfUs,  the 
change  havine  occamonally  been  produced  so  graduaUy 
that  not  only  the  external  form  but  aQ  the  minute  detatla 
of  internal  etmcture  are  preserved ;  sconetimee  only  an 
impression  or  cast  remains. 

All  anoh  remains  are  called  Ibuilt,  rocks  oontuning 
them  are  epoken  of  as  FbtiiUfirotu ,-  rocks,  from  which  they 
are  absent,  as  UnfouiUftnmt. 

In  nearly  every  case  we  ahaU  find  that  a  Foitilifirout  Reti 
M  offo  Non-^iryitailint  and  SlratiJM. 

In  some  rare  instanoee  we  may  meet  with  foesils  in  Crys- 
talline unstiatified  rocks,  but  these  will  be  so  very  few,  that 
KB  thaO  eoma  U  lovk  vpim  roch  of  thii  elan  at  UnfoMtlifimu. 

P^troli^ioal  dassiflontitni  of  Books^^ubject  then 
to  oeitain  exceptions,  not  relatively  very  numeroiu,  and 
some  of  them  more  apparent  than  real,  Fetrological  invea- 
tigations  lead  ns  to  arrange  the  rocka  of  the  earth's  crust 
into   two   classes   having   the   foUowing   distinguishing 


In  Clam. 

Skd  Cum. 

OrTsUlline. 

DiurtiMiflML 

Stntifled. 

VBtomUbnm. 

FoMOifennB. 

Ttesui   ooaiMotod  with  Btratifloatloa. — ^We   may 

ttmrtadeo&j  d^ne  here  a  few  terms  used  in  connection 
with  Stratincation.  The  thicker  layers  of  bedded  rocks 
an  OBU^y  spoken  of  aa  Std*  or  Strata,  and  the  thinner 
as  ZoMHM  or  Stratula.  Sometimee  each  of  those  portions 
of  a  group  of  bedded  rocks,  which  has  the  same  mineral 
composition  throughont,  is  called  a  Stratum;  and,  if  this 
stratum  can  be  split  up  into  a  number  of  subordinate 
layers,  each  is  called  a  TAminn  Thus  in  Fig.  6,  we 
should  say  we  had  a  stTatum  or  bed  (No.  3]  Si  brown 
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Clay  overlyiiig  a  Btntam  or  bed  (No.  4)  of  soft  Band,  the 
first  ooDsiating  wholly  of  OUy,  the  seoond  wholly  of  Sand. 
The  brown  Qay  however  can  b«  split  up  into  a  large 
number  of  thin  parallel  layers,  each  of  these  is  called  a 
Umina,  and  the  rock  is  said  to  be  hminaUd  or  JUitle.  The 
distinction  between  strata  and  laminee  is  aoiaewtiat  vague, 
but  the  ciTcuiQStancee  do  not  admit  of  exact  definitions  or 
hard  lines.  Single  beds  of  rock  sometimee  are  as  much 
as  two  hundred  feet  in  thickness,  but  auch  are  rare ;  about 
five  feet  would  be  a  general  average.  Lamination  may  m 
to  almost  any  extent ;  in  some  very  finely  laminated  rodts 
as  many  as  thirty  or  forty  layers,  may  be  counted  in  the 
thickneae  of  an  inch :  such  beds  are  nsually  elayey  in  com- 
poaition,  and  are  sometimes  called  Pa^w  Sialfi  ;  veiy  fincJy 
hminated  ailiceoue  and  calcareous  rocks  are  however  also 
met  with. 

When,  as  in  Fig.  6,  the  upper  and  under  bounding  sur- 
faces of  the  beds  are  parallel,  bo  that  each  bed  keeps  the 
same  thicknesa,  the  bedding  is  said  to  be  Jiiffuldr.  A  rock 
which  is  regular^  and  not  very  thickly  bedded,  so  tliat  it 
can  be  split  up  into  slabs  for  paving,  is  called  Flaggy,  at  a 
liagiUmt ;  if  Qte  layers  are  this  enou^  for  lOofinK  pur- 
poses, a  TiMmt*  The  majorit;^  O^  Flagstones  and  Tile- 
stonee  are  Sandstones,  but  some  Limestones,  and  even  some 
hard  ArgillacecuB  rooks,  yield  Flags  and  Tiles.  When  beds 
thin  away,  the  beddine  is  LmgMor  or  W»ig»-thap»i,  as  in 
Fig.  .  A  bed  whidi  tnins  away  in  all  directionB  is  called 
ZMtitviar  or  Zmu-tAapgd. 

This  is  all  we  will  give  here  under  the  head  of  Petrology. 
There  are  many  points  yet  to  be  noticed  respecting  the 
structure  of  rocks  on  a  large  scale ;  but  we  BhaJl  find  it  the 
best  plan  to  take  these  one  by  one,  as  oppoitunitieB  oconr, 
while  we  pursue  our  inquiries  into  the  way  in  which  rocks 
were  formed.  Whenever,  from  time  to  time,  we  find  that 
we  have  gathered  knowledge  enough  to  enable  ub  to  under- 
stand how  any  great  struetursl  peculiarity  was  produced, 
we  will  desonbe  that  structure  and  the  way  in  which  it 
arose. 

PMOKiptiTa  GwdogT.  Braojiuaj. — Let  us  now  take 
stock  of  the  knowledge  we  have  gained  bom  Deacriptive 
Geology. 


whi^  nUt   into   roofing   ifatbi      ixo  not  pluui  of  b«ddiiig7' 
akog  pfanM  of  badding.    Vt 
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To  the  mbstftnooB  which  make  ap  the  earth's  crust  wo 
gave  the  g;eneTal  name  of  Bocks. 

Bocks  we  found  to  be  mechanical  mixtures  of  certain 
definite  chemical  compounde  called  Minerals. 

The  niunber  of  mineral  epedes  which  enter  to  any 
appreciable  extent  into  the  compoeition  of  rocks  we  found 
to  t>e  small,  and  the  chemical  elements  of  which  these  rook- 
forming  minerals  are  composed  to  be  not  more  than  twelve 
in  number. 

By  an  indoor  examination  of  hand  specimena,  or  Litho- 
It^,  we  were  led  to  a  threefold  daasification^of  rocks. 

lit.  CryttaUint  Roekt,  in  which  crystals  appear  with 
sharp  aaeles  An<l  onioimded  edges,  but  not  arranged  in 
any  rego^  order. 

2nJ. — SeKUtoM  Soeti,  which  differ  from  the  last  in 
having  their  mineral  components  arranged  more  or  lees  in 
separate  layers,  a  structure  which  is  expressed  by  the  word 
Foliation. 

Ard. — Nott-eryttdUins  Eoeit,  in  which  the  min^^  com- 
ponents appear  in  the  shape  of  grains  more  or  lees  rounded, 
or  chipped  and  broken. 

An  examination  of  large  rock  masses  in  tlie  field,  or 
Petrology,  leads  us  to  a  twofold  classification  of  rooks. 

1.  SIratiJUd  Boekt,  which  are  arranged  in  parallel  layers, 
beds,  or  strata. 

%.  Ututratified  Boekt,  which  possess  no  such  bedded 
fltructure,  or  poeseea  it  in  a  minor  degree. 

We  further  found  that  the  great  mass  of  the  Ciystalline 
locka  are  Unstratifiod,  and  the  great  mass  of  wa  Non- 
raystalline  rocks  are  Stratified.  In  the  latter  too  we 
fa«quently  meet  with  FossiIb  ;  from  the  former  Foeails  are 
almost  invariably  absent. 

So  that  a  mere  examination  of  the  comp<nition,  struc- 
ture, and  contents  of  rocks  led  us  to  arrange  them  in  the 
two  fdlowing  dassee  ; — 

In  OuM.  9in>  Olam. 

Crj'itolbDB.  Ncm.ci7it>lliDe. 

UnftTatiflwL  Stratified. 

UufcHililnoiu.  FovilifBiDiu. 

Lastly,  we  pointed  out  that  this  dassifioation  was  liable 
to  exception,  and  was  otherwise  imperfect,  but  that  it  was 
the  best  we  could  arrive  at  in  the  present  state  of  our 
knowledge.    Tlus  leads  us  on  to  inquire  whether  a  further 
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studv  of  rocks  tUI  not  tell  us  Bomethmg  more  than  we 
yet  cnoir  about  them,  vhich  will  enable  'us  to  arrange 
them  in  a  more  eatiafactoiy  manner.  In  the  next  tlu«e 
chapterB  we  shall  find  that  what  we  want  for  the  purpose 
is  a  knowled^  of  the  way  in  which  rocks  were  formed, 
and  that,  when  we  have  mastered  this  branch  of  Geology, 
a  natural  and  oousiBtent  claasification  follows  from  it  as  a 
matter  of  oouiM. 
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CHAPTER  m. 

DMirUDATIOX. 

Froeaaa  of  tims  wraketli  (noh  wondcH, 
Thftt  water,  which  ii  of  kind  so  loft. 
Doth  pieioe  ths  marble  atone  aaimdw 
Bf  little  dropa  Uling  from  aloft. 

SECTION  I^PBDTCIPLES  ON  WHIOH  THE  INQOTRT 
INTO  THE  OBiam  OF  BOOKS  IS  BASED.— EXAMPLES 
OF  THE  APPLICATION  OF  THESE  PRINCIPLES.— 
DEFINITION  OF  DENUDATION  AND  ENDMBBATION 
OF  DENDDIKQ  AGENTS. 

'£  h&ve  now  made  the  aoquaintaiioe  <A  Uie  chief  nuts- 
rials  out  of  which  rowB  are  made  up,  and  have 
learned  what  are  the  Kreat  olaweb  into  which  we  snh- 
divide  the  rocka  themoelree,  aooording  aa  we  look  at  than 
from  a  lithologioal  or  Petrological  standpoint. 

It  would  be  poeeible  atill  to  limit  our  attention  for  some 
while  to  purely  Descriptive  Gleol(^7 :  we  might  take  one 
by  one  each  individual  species  of  the  great  olaBsea  of  rooks, 
and  describe  its  lithological  composition,  and  the  structural 
oharacterietice  which  it  shove  when  studied  on  a  large 
scale ;  and  this  we  might  do  without  saying  a  word  about 
the  causes  that  produced  the  rock  and  impressed  on  it  its 
peculiar  struoture.  Then  we  might  in  sepazate  diapters 
treat  oi  the  origin  of  looka  and  of  rock  Btruotnree. 

But,  beyond  a  claim  to  systematic  arrangement,  such  a 
scheme  would  possess  no  Bdvanta^^e  whatever,  and  it 
would  be  attended  by  a  serious  evil.  It  would  lay  upon 
the  mind  of  the  student  a  burden  too  heavy  to  be  borne,  is 
that  it  would  oompel  him  either  to  carry  in  his  memory  a 
huge  mass  of  bare  facts  up  to  the  time  when  he  reached 
that  part  of  the  book  where  the  explanation  of  theee  facta 
is  ^ven ;  or,  if,  aa  is  most  likely,  he  found  this  beyond  his 


)  by  Google 


88  GEOLOGY. 

aiTB,  it  Tould  oblige  him  to  he  condnaftllj  taming 
,  when  tlie  meaning  of  any  feet  was  explained  under 
the  head  of  Historical  Otology,  to  the  description  of  that 
fact  under  Deecriptive  Geology. 

We  will  thm^fore  no  longer  linger  in  the  purely 
doBcriptiTe  part  of  our  subject:  we  will  go  <m  to  deacribe 
tha  different  hinds  of  rocks  in  detaO,  but  we  will  put  dde 
by  side  with  the  deeoription  of  each  an  explanation  of  the 
way  in  which  it  haa  been  formed.  Thus  the  subject  will 
be  rendered  less  dry,  and  a  great  strain  on  the  memory 
will  be  avoided. 

But  the  question  may  be  very  reaaonably  asked  at  the 
outset,  How  do  we  know  that  there  has  ever  been  such  a 
thing  as  formation  of  rock?  Are  we  sure  that  the  rocks 
have  not  been  all  along  such  aa  we  see  them  now,  and  that 
the  earth's  crust  did  not  come  into  being  in  the  identical 
state  in  which  it  is  at  the  present  day  7 

There  are  a  host  of  facts  that  enable  us  to  give  a  decided 
No  in  answer  to  such  sug^ieetions.  One  of  these,  the  occur- 
rence of  fossil*  in  the  heart  of  masaos  of  rook,  which  has  been 
noticed  in  the  first  chapter,  is  alone  suficieut  to  settle  the 
question.  And  very  ahght  observation  <rf  what  is  going  on 
every  day  before  our  ^es  is  enou^  to  convince  us  that, 
for  as  far  back  as  the  earth  has  been  anything  like  what 
it  is  at  present,  the  rocks  of  its  surface  must  have  been 
constantly  undergoing  wear  and  tear,  and  that  fresh  rocks 
must  have  been  forming  without  cessation  out  of  their  ruins. 
The  whole  of  this  and  the  next  chapter  will  be  token  up  with 
a  statement  of  the  facte  on  which  this  assertion  rests,  and 
when  the  reader  has  reviewed  the  evidence,  he  will  see  that 
but  one  ooncluaion,  the  one  just  stated,  can  be  drawn  from  it. 

FrlnoiplM  on  wUah  tlie  Origin  of  Booka  ax» 
dctoFmiavd. — The  grand  principles  dkat  must  guide  us  in 
our  speculations  as  to  the  origin  of  rooks  are  few  and 
simple ;  but  a  very  extensive  range  of  knowledge  is  necee- 
saiy  to  enable  ua  thoroughly  to  apply  them.  We  have 
first  to  inqujpe  whether  there  are  any  substanoea  now  in 
course  of  formation  which  are  identiod  with  rocks  of  the 
earth's  onist,  or  any  which,  if  not  actually  identical,  could 
be  made  so  by  modifications  which  it  is  reasonable  to 
suppose  they  would  be  likely  to  undergo.  If  we  do  find, 
as  we  do,  any  such  substances,  we  then  study  the  causes 
which  are  now  producing  them,  and  conclude  that  the  rooks 
whioh  they  resemble  were  produced  in  bygone  times  by 
Hmilar  causes. 
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In  this  iray  we  am  able  to  g^ve  a  eatisfaotor;  account  of 
the  formation  of  many  rocks.  Thew  are  others  which 
cannot  have  been  produced  bj  any  cauaee  tliat  come  within 
the  reach  of  our  actual  obaerration ;  but  even  in  the  case 
of  these  we  can  form  reasonable  oonjeijturee  how  they 
arose  and  what  changies  they  hare  gone  through. 

We  will  begin  with  an  inquiry  into  the  origin  of  some  of 
the  Non-crystalline  bedded  rocks.  These  we  shall  find 
hare  been  formed  by  the  breaking  up  of  some  pre-exietin^ 
rock,  and  in  nearly  all  cases,  when  we  trace  back  their 
history  far  enongb,  we  learn  that  they  Bpranf;  first  of  all 
from  some  one  cd  the  CiyHtalline  rocks. 

It  would  seem  at  first  sight  more  natural  to  take  the 
forefathers  first  and  the  descendants  afterwards ;  the 
present  arrangement  has  been  chosen,  as  better  suited 
to  an  elementary  treatise,  for  the  following  reasons. 
The  bedded  rocka  are  more  familiar  to  the  generahty  of 
peojde  than  the  great  mass  of  the  oiystalline.  Further 
among  the  causes  that  took  part  in  the  formation  of 
bedded  rocks  are  some  of  the  commonest  operations  of 
Nature,  so  common  indeed  that  their  importance  was 
long  oreriooked  through  sheer  familiarity.  These  pro- 
cesses ore  going  on  erery  day  under  our  eyes  and  can  be 
studied  by  eveiy  one.  There  is  this  advantage  then  in 
directing  the  attention  of  the  student  first  of  oU  to  the 
formation  of  this  class  of  rocks;  he  can,  whoever  and 
wherever  he  be,  observe  for  himself  some  of  the  etepa  by 
which  they  have  been  produced,  and  teet  by  his  own 
observation  the  oorrectneas  of  the  teaching  which  is  put 
before  him.  The  prooeesea,  on  the  other  hand,  to  which  a 
great  part  of  the  Crystalline  rooks  are  due,  operate  unseen 
to  a  1^^  extent  at  considerable  depths  below  the  surface ; 
and  when  they  do  break  forth  and  come  within  the  range 
of  observation,  their  sphere  of  action  is  confined  to  certam 
limited  tracts  of  the  earth's  surface,  which  many  persons 
have  no  chance  of  visiting. 

Exampl«  of  tlie  Dstennimatioii  of  th«  Origin  of  a 
Bock, — To  make  a  beginning  here  is  an  instance  of  the 
way  in  which  we  ferret  out  the  steps  by  which  a  particular 
rock  has  been  formed. 

Here  is  a  bit  of  coarse  Qiitstone,  and  side  by  side  with  it 
let  us  lay  a  piece  of  coarsely  grained  Granite.  The  two  are 
singulariy  abke,  and  in  botL  we  can  readily  distinguish  the 
three  mineraln  Felspar,  Quartz,  and  Mica.  The  specimens 
might  well  be  supposed  by  a  casual  observer  to  have  been 
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broken  off  the  eame  crag,  and  if  the  two  tors  from  whiuh 
they  were  taken  are  viewed  from  a  little  distance,  they 
are  so  aimilHT  in  outline  and  look,  that  any  one  might 
be  pardoned  for  suppoGing  they  were  made  of  the  same 
rock.  Bat  if  the  blocks  be  scanned  a  little  more  closely, 
specially  if  they  be  examined  with  a  pocket  lens,  an  im- 
portant difference  will  be  detected  between  them.  In  the 
Cbanite  there  are  crystals  with  their  anglee  pointed  and 
their  edses  sharp ;  in  the  Qritatone,  though  the  crystohi 
may  not  be  much  altered,  yet  a  certain  amount  of  roimding 
off  has  taken  place  in  both  angles  and  edges.  There  can 
be  no  queetion  that  the  Gritstone  has  been  formed  by  the 
breaking  up  of  a  rock  identical  with  the  Oranite  specimen 
before  us,  and  that  la  the  process  the  crystals  have  lost 
■omething  of  their  sharpness  of  outline.  Our  next  ques- 
tion will  be,  What  has  done  tbis  ?  Let  us  visit  the  rocky 
tor  from  which  our  specimen  of  Oranite  was  taken,  and  we 
shall  not  have  to  wait  long  for  an  answer.*  The  outer 
surface  of  the  rock  is  evidently  crumbling  away,  parts 
readily  fall  off  in  a  coarse  powder,  the  grains  of  which  are 
crystals  rounded  in  just  the  same  way  as  in  the  Gritstone 
before  us  :  large  quantitiefl  of  a  aimUar  powder  are  spread 
round  the  base  of  the  tor,  and  fill  cracks  or  hollows  on  its 
surface.  The  Gritstone  holds  together  a  little  more  firmly 
than  this  powder,  but  otherwise  there  is  no  difference 
between  tlie  two,  and  the  conclusion  is  irresistible  that  the 
former  ia  nothing  ebe  than  a  quantity  of  the  latter,  that  has 
been  in  some  way  or  other  bound  together  into  a  mode- 
rately firm  rock.  If  now  we  turn  over  in  our  minds  what 
ia  constantly  happening  to  this  Oranite  tor,  we  shall  readily 
understand  how  it  is  that  it  is  crumbling  away.  Bain 
beats  upon  it,  and  has  power  to  decompose  and  dissolve 
part  of  the  cement  by  which  it  is  held  togetJier;  the 
water  also,  as  it  streams  off  the  rock,  washes  over  it  the 
coarse  grains  lying  on  its  surface  and  these  grind  it  away 
like  emery  or  a  file  ;  the  wind  drives  against  it  the  same 
wearing  implements  with,  the  same  effect;  frost  expands 
water  contained  in  chinks  or  crevices,  and  forces  off  frag- 
ments :  these  and  similar  agents  ore  incessantly  at  work, 
and  by  these  the  crag  is  being  broken  up  and  tbe  heap  of 

in  which  the  Oritstmie  luu  bom 
ftdmsd,  it  ia  only  by-  ont-door 
nsBon  wiu  in  uui  cs*e  neip  tu      rtadj  Uwt  we  aw  noliM  all  Um 
a  liltU  towHrdi  ietxaiag  lh«  way      (taps  in  the  prOMM. 
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debris,  vluch  Bunonnds  and  partly  boriee  it,  has  beea 
formed  and  is  constantly  being  added  to. 

By  methoda  like  those  juat  described  the  materials,  out 
of  Tbicb  OUT  Gritstone  is  built  up,  were  obtained :  but  the 
'  Hetory  of  its  formation  is  not  yet  complete.  If  we  vlfiit 
the  quarry  from  which  our  epecuuen  was  taken,  we  shall 
find  tKe  rock  arranc:ed  in  layers,  bed^  or  strata,  each  layer 
being  marked  off  by  a  clear  plane  of  divisioii  from  that 
above  and  below  it,  and  likely  enough  we  may  find, 
between  econe  of  the  beds,  layers  of  Clay,  Limestone,  or 
other  rooks.  No  such  bedded  arrangement  exists  in  the 
debris  that  surrounds  the  Giranite  tor;  and  therefore, 
though  the  materials  for  making  a  Gritstone  are  certainly 
to  be  found  there,  they  must  undergo  some  further  process 
of  arrangement,  before  they  could  give  rise  to  a  rock  like 
that  of  which  our  specimen  formed  a  part. 

Not  far  from  the  foot  of  the  Granite  tor  there  runs  a 
rivulet,  and  in  fine  weather  it  is  dear  enough  to  allow  us 
to  count  the  stonee  on  the  bottom.  But  after  heavy  rains 
the  water  pours  down  thick  and  turbid :  fill  a  glass  from 
the  brook  and  let  it  stand  :  the  water  soon  becomes  clear, 
and  a  quantity  of  sand  and  mud,  which  was  the  cause  of 
the  turoidity,  settles  to  the  bottom :  take  out  some  of 
the  settlings,  and  spread  it  in  the  sun  to  dry,  it  is  nothing 
else  but  some  of  the  finer  part  of  the  rubbish  around  the 
tor  produced  by  the  weathering  of  the  Granite.  It  has 
been  washed  down  the  sloping  bank  by  rain,  and  is  being 
swept  forward  by  the  current.  Now  return  to  the  rirulet ; 
by  a  little  attentive  listening  we  can  detect  amid  the 
ruahing  <^  the  torrent  a  harsh,  grating  sound  rising  from 
benea^  the  water ;  this  is  caused  by  the  coarser  parts  of 
the  rubbish,  which  have  been  swept  down  into  the  stream, 
but  which,  being  too  heavy  to  be  carried  suspended  in  the 
water,  are  being  pushed  and  roUed  along  the  pebbly 
bottom.  Thus  the  ruins  of  the  Granite,  coarse  and  fine 
alike,  are  being  always  carried  forward;  and  when  the 
rivulet  falls  into  a  larger  brook  and  this  again  into  a 
river,  the  waste  matters  travel  on  along  with  the  contri- 
butions of  the  other  feeders.  The  journey  goes  on  till  the 
river  enters  the  still  waters  of  a  lake  or  of  the  aea :  the 
stream  then  loeee  its  velocity  and  therefore  its  power  to 
cany  any  further ;  and  the  matters,  which  it  has  brought 
so  ur,  all  sink,  sooner  or  later,  to  the  bottom,  and  are 
spread  out  in  layers  approximately  horizontoL  In  the 
intervals  between  two  floods  each  layer  wiU  have  time  to 
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harden  a  litUe  before  the  next  la7er  ia  placed  upon  it,  and 
80  a  plane  of  separation  between  the  two  will  be  produced, 
and  the  deposit  will  have  a  bedded  or  stratified  structure 
given  to  it.  Further  the  Telocity,  which  is  sufficient  to 
sweep  along  fine  mud,  is  not  able  to  move  coarse  sand,  and 
hence  at  one  time  the  former  alone,  and  at  others  the  two 
toffsther,  will  be  laid  down  beneath  the  stiU  water.  In 
this  way  the  dep<»it  will  oome  to  have  in  it  layers  of  dif- 
ferent degrees  of  coarseness  and  different  composition. 
Again  the  heavy  materials  can  at  no  time  be  carried  so  far 
out  into  the  lahe  as  the  lighter  and  finer;  and  thus  the 
stuff  brought  down  will  be,  so  to  speak,  sorted,  coarse 
deposits  wm  prerul  near  the  mouth  of  the  river,  and  will 
thin  away  in  a  wedge-shaped  form,  and  be  replaced  by 
fin»  beds,  as  we  advance  towards  deeper  water.  AU  this 
is  found  to  be  the  case,  when  we  drain  lakes  and  cut 
into  the  accumulations  which  have  been  formed  beneath 
their  waters. 

The  stratified  structure  of  the  Oritetone  mass,  of  which 
our  specimen  formed  a  part,  is  so  exactly  similar  to  that  of 
dexKwits  forming  nowadays  beneath  still  water  in  the 
manner  just  described,  that  we  have  no  hesitation  in 
ascribing  it  to  the  same  cause  which  ia  giving  them  their 


by  the  atmospheric  wear  and  t«ar  of  Granite  :  they  were 
washed  by  rain  down  hill-slopes  into  running  streams, 
carried  forward  during  floods  into  bodies  of  still  water, 
and  there  they  came  to  rest  in  layers  laid  one  over  the 
other  by  successive  freehets .'  the  bands  of  day  lying 
between  the  difi^erent  beds  of  Gritstone,  were  formed  in 
the  same  way,  when  the  streams  were  lower  and  had  not 
power  to  carry  anything  heavier  than  fine  mud. 

Hocka  like  this  Gritstone,  because  they  are  made  up  of 
brokenpieces  of  pre-existing  rocks,  are  sometimes  spoKeti 
of  as  Glaetic  (cXatrrof,  broken)  or  Derivative  :  and  because 
they  have  been  formed  under  water  they  go  by  the  name 
of  Subaqueous.  Those  derivative  rocks,  which  have  been 
fOTmed  not  by  the  mechanical  wear  and  tear  of  pre-existing 
roc£s,  but  by  the  chemical  decomposition  of  their  con- 
stituents, are  sometimes  called  Dialytio,  but  the  distinction 
is  not  of  much  importance. 

Bepeated  observations,  simihir  to  that  jost  described, 
bring  home  to  ns  the  c<mviotion  that  the  solid  matten, 
whi£  tona  the  surface  of  the  earth,  are  oonstanUy  under* 
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going  wear  and  tear ;  that  the  looee  mbbisli  thiu  pro- 
duced is  being  inceeaantlj  oonvejed  bj  tbe  agency  of  I'ain 
and  running  water  from  higher  to  lover  levels,  till  at  last 
it  comee  to  rest  beneath  large  bodies  of  still  water,  where 
it  is  B|^ead  out  in  layers  approximatelv  horizontal ;  and 
that  it  is  in  this  vav  that  a  luge  part  of  the  bedded  rooks 
of  the  earth's  craet  have  arisen. 

Baaudfttum. — The  process  by  which  the  sorfaoe  of  the 
ground  is  broken  up  and  its  ruins  carried  away,  is  known 
as  Denudation,  and  me  agendee  by  whiob  this  is  effected,  as 
Denuding  Agents.  A  thorough  grasp  of  the  way  in  whi<dt 
Denudation  works,  lies  at  the  root  of  all  sound  geological 
knowledge,  and  we  will  devote  the  rest  of  the  present 
chapter  to  this  subject. 

&nui8ratiaii  of  Itaitiidliig  Aganta. — Deauding  ages- 
dea  may  be  classed  under  the  following  heads. 

1.  Bain.  2.  Bunning  Water,  whether  above  or  beh>w 
ground.  3.  Frost  and  I^aen  Water,  4.  Wind.  6.  Animal 
•  and  Vegetable  agendee.     6.  The  Sea. 

The  &8t  £ve  are  generally  classed  together  as  6uba«ial, 
Atmospheric,  or  lleteoric  Denuding  agwtts.  The  denu- 
dation wrought  by  the  sea  is  diBtingnished  as  Marise. 

BBOnOK  IL— HOW  DB^TITDINQ  AGENTS  WOEK. 

We  will  now  look  at  the  way  in  which  each  of  the 
denuding  agents  just  enumerated  works,  and  the  results  it 
producee. 

We  shall  have  to  consider  each  first  as  a  pnduetr, 
seoondly  as  a  carrier  of  waste. 

1.— Radt. 

Bain  acts  on  the  surface  of  Uie  ground  in  two  ways, 
Meohanically  and  Chemically. 

Of  tike  water  which  falls  upon  the  earth  from  the  douds 
part  risee  again  into  the  air  by  evaporation,  or  is  taken  up 
ny  plants ;  part  streams  over  the  surface,  and  is  at  last 
collected  into  brooks  ;  part  sinks  into  the  ground,  and,  after 
pursuing  for  a  longer  or  shorter  distance  an  underground 
course,  rises  again  in  springs.  We  have  hero. to  deal  with 
that  part  which  flows  over  the  surfaoe,  before  it  beoomes 
gathered  into  a  definito  channel. 

KaohftnioAl  Actlaa  of  Xlaiii. — Water  during  this  por- 
tion of  its  course  exertfl  an  important  meduuu<»I  effect  as 
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a  oanTmg  a^eat :  any  loose  surface  matter  produced  by 
tie  deoompoaitLon  of  the  rook  beneath  is  swept  on  by  it, 
and  advanced  a  step  forwards  on  its  road  to  the  rivulet, 
which  will  at  last  receive  both  it  and  the  agent  which 
movefl  it.  At  the  eame  time,  ae  these  loose  materials  roll 
over  the  ground,  they  still  further  abrade  and  wear  away 
the  surface.  The  power  of  a  gentle  shower  to  more  fine 
mud  may  be  seen  any  rainy  day  either  in  a  ploughed  field 
'  4»  by  a  roadside :  heavy  storms,  even  in  temperate  cli- 
matea,  carry  far  coarser  materials  than  most  people  are 
aware  of,  specially  if  Uie  slope  of  the  ground  be  steep.  I 
recollect  well  enough  having  to  leave  a  rock,  which  was 
affording  me  some  small  abater  during  a  thunderstorm  in 
the  centre  of  England,  on  account  of  l£e  shower  of  stones 
which  the  rain  washed  over  the  edge,  preferring  the  cer- 
tainty of  being  wet  through  to  the  chance  of  having  my 
head  broken.  In  the  tropics,  where  not  only  is  the  ramfall 
very  large  in  amount,  but  also  where  an  enormous  quan- 
tity comw  down  in  a  very  short  time,  the  carrying  and  ' 
wearing  effects  become  enormously  increased. 

We  must  also  recollect  that  rain,  besides  acting  as  e 
carrier  of  loose  matters,  which  it  finds  ready  to  hand, 
softens  many  rocks,  such  ss  Clay,  and  so  renders  them  an 
easier  prey  to  showers  that  come  after. 

The  earth  pillars  of  the  Tyrol  furnish  an  excellent 
instance  of  a  case  of  denudation  on  a  large  scale,  which 
can  have  been  produced  only  by  the  action  of  rain. 
There  is  a  very  full  account  of  thran  in  Lyell's  "  Prin- 
ciples," 10th  ed.  ToL  i.  p.  33fi. 

Chflinical  Action  of  Xtaiiu — Bain  also  has  the  power 
of  acting  chemicoUy  on  certain  rocks,  and  carrying  away 
some  of  their  constituents  in  solution- 

The  rock  most  largely  attacked  in  this  way  is  Limestone. 
There  is  a  gas  popularly  known  as  Carbonic  Add,  but 
which  is  st^ed  by  chemists  Carbon  IKoxide  (CO.).  A 
solution  of  CsTbon  Dioxide  in  water  is  supposed  to  form  a 
weak  acid,  Carbonic  Acid  {H,CO,).  Carbonic  Acid,  or  a 
mixture  of  Carbonic  Add  and  water,  has  the  power  of  dis- 
solving Caldum  Carbonate  (CaCO,),  or  Carlxinate  of  Lime, 
as  it  IS  often  called.  Now  Carbonate  of  Lime,  it  will  be 
remembered,  is  the  chief  constituent  of  Limestone,  and 
whenever  water  impregnated  with  Carbonic  Add  comes  in 
oontact  with  Limestone,  the  Caldum  Carbonate  is  dissolved 
out  and  carried  away  in  solution.  Almost  all  water  on  the 
earth's    surface    contains  more  or  less  Oarbonio    Add; 
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Cafbm  Dioxide  exiets  in  amalt  quuiti^  in  tlie  air,  and  the 
lain,  ae  it  falls,  takea  up  some,  and  ho  Deoomee  mixed  with 
Gaxboaic  Acid ;  the  same  result  is  produced,  whdn  Taia- 
vater  comee  in  contact  with  decayinE  veeetaUe  matter,  as 
It  flowB  over  the  surface  of  the  ground.  Ahnoet  all  surfoce 
water  then  has  the  power  of  attacking  limefltons,  the  dia- 
Bolving  awa;  of  that  rock  goes  on  mcessantlj,  and  the 
amount  which  is  thus  slowly  and  insensibly  carried 
away  beoomes  in  time  very  considerable  indeed.  It  is 
in  this  way  that  the  caverns  and  underground  wateroonises, 
with  which  all  Limestone  oountriee  abound,  are  formed.  It 
ia  curious  on  taking  up  a  good  topographioal  map  of  oer- 
tain  districts  to  note  that  there  is  a  line  on  reaching  which 
all  the  streams  suddenly  cease.  This  line  marks  the  boun- 
dary between  a  tract  of  Limestone  and  some  other  lock 
insoluble  in  water :  over  the  Intter  the  water  runs  in 
brooks,  but  on  reaching  the  former  it  has  by  degrees 
dissolved  away  the  rock  and  eaten  out  nndei^;raiind  Sian- 


nels,  into  which  it  sinks  and  flows  away  oat  ot  si^t.  It 
ia  for  this  reason  too  that  Limestone  districts  abound  with 
fonnel-shaped  cavities,  descending  from  the  surface  verti- 
cally into  the  rock,  into  which  water  sinks  and  disappears. 
They  are  often  called  Swallow  Holes  or  Swallows.  Wher- 
ever there  was  any  little  depreeaion  in  which  water  could 
lE>dge,  the  bottom  was  eaton  away  lower  and  lower,  and  a 
pipe  formed  at  last  leading  from  the  surface  into  an  uuder- 
groond  cbanneL  Districts  composed  of  very  pure  Lime- 
stone show  bare  rock  up  to  the  surface,  because  the  rodt 
is  entirely  soluble ;  when  however  the  Limestone  contains 
insoluble  impuritiee,  these  remain  behind,  and  give  ua  the 
means  of  forming  a  rough  estimate  of  how  mutm  has  been 
removed.  We  have  a  good  instance  of  this  in  the  south 
of  England.  The  surface  of  the  Chalk  Downs  there  is 
often  covered,  as  shown  in  Fig.  7,  with  a  rod  Cla;r  *»U  »f 
Flints,  known  as  Clay  with  Xliuts;  the  origin  of  wmoh  is  as 
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folloiTB.*  Ohalk  Doatuns  from  94  to  98  per  cent,  of  Car- 
bonato  of  lime,  iim.ed  with  from  2  to  6  per  cent,  of  clayey 
and  earthy  matters,  it  has  also  embedded  in  it  many 
nodules  of  Flint.  The  two  last  are  practicaUy  insoluble, 
and  therefore  remain  behind  when  uie  £ret  is  dissolved 
and  oairied  away  by  percolating  rain-water.  The  Clay 
with  Flints  often  reaches  a  thickness  of  many  feet,  and 
testifies  to  the  large  extent  to  which  the  rock  has  been 
insensibly  diasolred  awaj.f  In  the  same  way  many  parts 
of  Falestinel  are  thiokly  strewn  with  loose  lumps  of  flint, 
which  haye  remained  behind,  while  the  Limestone,  in 
which  they  were  originally  oontained,  has  been  carried  off 
in  solution.  There  is  scarcely  any  of  the  manifold  denuding 
proceeeee,  which  is  of  such  impaitance  and  so  constantly 
Drought  before  the  notice  of  the  geologist,  as  the  diesolr- 
in^  away  of  Limestone  by  Carbonated  Water. 

In  some  cases,  whore  Limestones  contain  a  large  admix- 
ture of  eiUceoua  matters,  a  sort  of  skeleton  of  the  latter 
remains  behind  when  the  Carbonate  of  Lime  is  dissolved 
out,  fonning  what  is  known  as  Eottonstone. 

Another  important  decomposition  effected  by  Carbonated 
Water  is  that  of  the  Potash  and  Boda  Felspars.  The  result 
b  the  production  of  Clay,  and  it  is  from  this  source  that 
the  materials  of  the  clayey  rocks  hare  been  in  the  first 
instance  derived.  We  may  take  tike  dectsuposition  of 
Orthoclase  as  an  instance.  That  mineral  is  a  double  Tn- 
silicate  of  Alumina  and  Potash  :  the  result  of  its  decompo- 
sition is  Kaolin  or  China  Clay.  The  composition  of  Kaolin 
se^ne  from  the  inveeti^tion  of  chemists  to  be  variable, 
but  some  forms  of  it  certainly  approach  very  nearly  to  a 
Hydrated  Bieilicate  of  Alumina  with  the  oompoaition 
2SiO„Al,Og+2H,0, 01— 

Silica 466 

Alumina        .         .         .         .     39'5 

Water 139 

The  following  example  of  Kaolin  comes  under  the  above 
formula : — 

Silica 46-32 

Alumina      ....     3974 
Iron  Oxide ....         "27 

■  Om^oitt  of  parts  of  Uiddle-  t  See  also  Biscboff,  Chemical 

•ei,   Herla,   Bocks,   Betia.    and  Goolojry,  iii.  194. 

Sun«v  (Memoin  of  the   Ueolo-  !  DictioDBry  of  the  Bible,  Art. 

giol  fiurvey  of  Eugkiid),  p.  63.  '■  Faleetine." 
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Hagneeia  ....  '44 
Water  ....  12-67 
The  rmult  of  the  decomposition  thea  has  been  to  remove 
the  'whole  of  the  Potash  and  a  part  of  the  Silica.  Chemists 
are  not  ^reed  as  to  the  form  and  manner  in  which  these 
constituents  are  carried  away.  Some  think  that  a  soluble 
Silicate  of  Potash  is  formed.  Others  hold  that  the  Sihcate 
of  Potash  is  decomposed,  and  that  the  Potash  combines 
vith  Carbonic  Add  and  goes  awav  aa  Carbonate  of  Potash, 
or  partly  as  Carbonate  and  paruy  imcombined,  and  that 
the  latter  is  taken  np  hj  plants.  The  resulting  Silica  may 
be  carried  away  in  solution  and  rodepoeited  elsewhere. 
The  occurrence  of  nodules  of  Opal,  ChalGedony,  and  other 
forms  of  colloidal  Silica  in  Kaolin,  makes  it  yery  probable 
that  some  at  least  of  the  Silica  is  disposed  of  in  this 
manner  :  but  many  K&ohns  contain  a  much  larger  percen- 
tage of  Silica  than  oorresponds  to  the  formula  given  above, 
and  in  their  case  it  is  hkely  that  the  whole  of  the  free 
Silica  is  not  removed,  but  remains  either  in  a  state  of 
mechanical  mixture,  or  combined  in  some  different  propor- 
tion with  the  Alumina.* 

The  formation  of  Kaolin  goes  on  naturally  to  a  large 
extent  in  many  Granite  districts,  Cornwall  for  instance,! 
and  deposits  of  the  day  are  formed  in  hollows  or  flats,  to 
which  it  hss  been  carried  by  running  water :  such  deposits 
contain  Brains  of  Quartz,  imperfectly  decomposed  frag- 
ments 01  Felspar,  scales  of  Mica,  and  other  impurities, 
which  are  separated  by  washing. 

The  Oxygen  of  the  air  contained  in  rain-water  also 
enables  it  to  oxidise,  or  raise  the  d^^ee  of  oxidation  of 
some  constituents  of  rocks.  Thus,  for  instance,  many 
rocks,  when  brought  from  a  depth  below  the  surface,  where 
they  are  protected  from  the  action  of  the  air,  are  blue  or 
grey,  the  colour  being  due  to  Carbonate  of  Protoxide  of 
Iron.  But  the  same  rocks,  when  exposed  to  the  atmosphere, 
Me  red,  yellow,  or  brown,  because  the  colouring  matter 
has  been  converted  into  an  anhydrous  or  some  hydrated 
Sesqaioxide. 
Oi  the  substances  acted  on  chemically  by  rain-water  the 

•  Zirkel,  FeU«gi»^«,  iL  608 ;  f  De  la  B«chs,  Beport  on  the 

Naomiiim,    Ueogiioue,    i.    736  ;      Oeologv  of  Comwiill,  Devon,  and 
Bischoff,   Cbamical  Oeology,  iL      Went  Sumiiraet,  p.  609. 
176  ;   Wagan,   Chamicsl  TBCh- 
nolDg7,  p.  293. 
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one  tnoat  largely  dissolTed  is  Carbonate  of  Lime,  partly 
because  it  is  bo  readily  soluble,  and  partly  because  Lime- 
stone is  a  rock  so  univeTsally  diffused.  This  being'  the 
case,  it  certainly  seems  strange  that  this  salt  can  scarcely 
be  detected  at  all  in  solution  in  sea-water ;  Sulphate  ot 
Lime  and  Mognosian  Salts,  which  have  doubtless  come 
there  in  the  same  way  as  Carbonate  of  Lime,  we  do  find  in 
sensible  quantities,  but  the  last  only  in  the  smallegt  amount, 
or  not  at  all.  These  apparently  contradiotoi;  facts  are 
capable  of  easy  explanation,  aa  we  shall  see,  when  wecome  , 
to  look  at  the  formation  of  Calcareous  rocks. 

Besides  the  substances  mentioned,  rain-water  dissolres 
and  carries  away  in  solution  others  less  common,  as  Bock 
Salt,  Sulphate  of  Lime,  8uh>hate  of  Magnesia,  and,  under 
certain  aroumstanoes  alreai^  mentioned,  Silica. 

2.  EnsMmo  "Watze. 

Bivara  nm  OKrrierB  of  Sediment. — As  the  portion  of 
the  rain  that  streams  over  the  ground  becomes  gathered  into 
definite  channels,  it  brings  into  the  brooks  so  formed  the 
matters  which  it  has  swept  mechanically  along  with  it, 
or  which  it  holds  in  solution,  and  the  first  function  which 
running  streams  perform  is  to  can;  these  on  in  their* 
downward  course. 

In  this  way  alone  streams  and  riTere  ai«  most  important 
auxiliariea  in  the  work  of  denudation,  they  prevent  accuntu- 
lations  of  debris  from  acting  as  a  sUeld  against  the  action 
of  denuding  agents,  and  allow  a  bare  surface  to  be  always 
maintained  for  the  latter  to  work  npon. 

We  are  apt  at  first  sight  to  underestimate  the  carrying 
power  of  running  waters,  and  to  take  notice  only  of  the 
light  matters  wluch  float  on  the  surface,  overlooking  the 
f^  more  important  burden  of  fine  mud  they  hold  in  sus- 
pension, the  mattere  carried  down  in  solution,  and  all  they 
ntove  forward  by  pushing  them  alonf  the  bottom.  It  is 
only  when  the  amount  of  matter  earned  by  rivers  is  sub- 

f'eoted  to  actual  measurement  that  we  come  to  realise  how 
arge  it  reaUy  is.  To  take  two  instances,  it  has  been 
d(<termined  that  the  Mississippi  carries  7,459,267,200  cubic 
feet  of  sediment  every  year  mto  the  sea ;  and  the  Bhone 
600,381,600:  the  first  of  those  quantities  would  cover  a 
square  mile  of  ground  to  a  depth  of  26B  feet.*  We  must 
■  The  Btndent  will  do  wall  to  b^  Professor  Geilrie.  in  Jnkes' 
consult  Ihe  admirable  uid  ex-  Htudenti'  Mamiuil  of  Cteology, 
Laurtive  traatmentof  this  int^eot,      3rd  sd^  pp.  420— 4S9. 
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also  recolleot  that  since  Uie  apecifio  mmty  of  rooks  lies 
between  2  and  3,  tKe^  loso  from  a  half  to  a  third  of  their 
weight  in  water. 

During  floods  the  carrying  power  of  rirerB  becomea  very 

much  increased,  but  I  believe  very  few  people  are  aware 

how  enormous  the  increase  is,  unless  actuiu  instances  of  the 

work  done  by  violent  rashes  of  water  happen  to  have  oome 

under  their  notice.*    Here  then  are  the  d!etails  of  a  couple 

of  actual  cases. 

*,  ^      In  1866,  twenty  inches  of  rain — more  than  falls  in  many 

'V)'  {daces  in  £nf land  in  the  course  of  a  year — fell  in  Scinde  in 

j]^  twenty-four  aours,  and  the  Mulleer  fiiver  rose  in  conse- 

,      quence  to  an  unusual  height.      The  valley  was  crossed 

^   sixteen  nules  above  Eurrachee  1^  a  bridge  constructed  of 

V  ..     wrought-iron  girders.     The  flood  banked  up  wood  and 

J\f    grass  against  ue  bridge,  and  at  last  threw  it  over,  and  one 

^M    of  the  girders,  weighi^  eighty  tons,  was  carried  two  mites 

/\    down  the  river  and  buried  in  sand.     It  is  probable  that  in 

V    this  case  the  acoomulation  of  drift-wood  served  in  some 

^     measure  to  buoy  up  the  girder,  but,  even  allowing  for  this, 

^    the  transporting  power  of  the  current  must  have  been 

V    astonitJung.t 

\  J        In  1864  a  frightful  flood  was  oansed  by  the  bursting  of  a 

*<«"    reservoir  above  Sheffield.    The  rush  of  water  was  most 

t,  X"  violent,    for    it    was  estimated    that    40,000    cubic  feet 

^^    passed  along  the  narrower  part  of  the  valley  per  second. 

\j-    ^B  official  report  states  that  92,000  cubic  yards  of  the 

^t,     embankment  were  swept  away  in  less  than  half-an-hour, 

•J     and  mentions  one  stone  weighing  thirty  tons  which  was 

moved  ;  I  saw  myself  a  stone  of  about  two  tons,  which  I 

could  identify  by  it^  shape  as  having  formed  part  of  a 

weir  more  than  a  hundred  yards  up  the  valley.     Whole 

acres  of  meadow  land  were  deeply  buried  beneath  heaps 

of  debris,   consisting  mainly  of  lai^  angular  blocks  of 

rock,  which  the  torrent  had  torn  o&  from  the  banks  as  it 

rushed  along. 

Besides  mechanioally  formed  sediment  rivers  also  carry 
away  large  quantities  of  matter  in  solution,  which  has  been 
brought  mto  them  by  rain  or  spring  water,  or  dissolved 
out  in  their  passage  over  soluble  rooks.  Thus  the  waters 
of  the  Nile  contain  14  parts  in  100,000,  those  of  the  Bhone 

*  Ur.  HopWni  gtates  that  the  Jauni.  Oeol.  Soo.  of  London,  voL 

weight  «hicD  a  corrent  of  wutor  viii.,  Frmidential  Address,  p.  27- 

._         -       -      -  Mt  u  ih«  lixth  t  Qoart.  Jonni.  GaoLSoc.  oC 

relodtf .    ttoait  ^jtmdon,  vol.  xxiv.  p.  134. 
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17,  thos«  of  tiiB  Main  24,  and  those  of  the  Thames  40  of 
matter  in  solution. 

D«nudation    wrDOglit    by  BItstm    diracrtlj,  —  But 

besides  acting'  as  the  bearers  of  matter  brought  into  them, 
streams  take  also  a  direct  part  in  the  work  of  denudation. 

Bunning  water  has  of  itself  little  or  no  power  to  abrade 
rocks,  except  in  so  far  as  it  may  in  some  oases  soften  them 
and  destroy  their  coherency  by  soaking  into  them ;  but  the 
sediment,  with  which  all  streams  are  charged,  enable* 
ihem  to  eSect  a  very  laive  amount  of  deetructiou.  This 
wears  away  the  banks  as  it  passes,  and  portions  from  time 
to  time  become  undermined  and  topple  otot  into  the  current, 
there  to  be  ground  fine  and  in  the  end  swept  away.  The 
process  may  be  seen  going  on  even  in  riverB  whidi  flow 
peacefully  through  comparatively  flat  dietricto;  and  in 
more  run^  tracts,  where  the  stream  runs  at  the  foot  of  a 
lofty  cliff,  the  amount  brought  down  by  each  fall  is  pro- 
portionately increased.  The  undercutting  will  erideutly  go 
on  faster  if  the  base  of  tiie  cliff  consists  of  a  rock  softer 
than  that  on  the  summit,  or  if  there  be  springs  bursting 
out  on  its  face. 

Thus  rivers  are  always  performing  a  twofold  work ;  th^ 
sweep  along  debris  brought  into  ttiem  by  rain,  and  this 
enables  them  to  wear  away  their  bonks  and  beds,  and  to 
grind  small  the  masses  detached  by  its  action,  while  it  is 
itself  at  the  same  time  still  further  ooouninuted,  and  ren- 
dered capable  of  being  carried  more  easily  and  to  h>nger 
distances. 

The  direct  denuding  action  of  rivers,  like  their  carrying 
power,  is  of  course  vastly  increased  during  floods.  The 
Sheffield  flood  already  mentioned  furnished  admirable 
proofs  of  this.  Some  small  farmhouses,  which  stood 
across  its  path,  were  sliced  in  two,  as  neatly  as  if  they  had 
been  cut  uirongh  witb  a  knife,  one  half  carried  away,  and 
the  other  left  standing.  At  sharp  bends  in  the  valley, 
where  the  water  had  impinged  on  projecting  spurs  of  the 
bank,  or  where  it  had  oeen  driven  into  a  recess,  it  had 
excavated  in  the  solid  sandstone  rock  large  hollows,  which 
any  one,  who  was  not  aware  of  the  droumstances  of  the 
case,  would  have  supposed  to  be  quarries. 

UndsEgTOiiad  fHrmamii — We  will  next  turn  our  atten- 
tion to  the  water  that  circulates  underground.  In  the  case 
of  rocks  not  acted  upon  chemically  by  rain,  this  finds  its 
way  down  through  cracks,  or  between  the  beds,  or,  in  the 
laae  of  a  very  open  porous  rock  like  unconsolidated  sand, 
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throTiffh  Uie  bod^  of  the  rock  itoelf .  If  ite  dovuward  course 
is  stopped  by  reaohing  a  bed,  through  irhich  it  oajuiot  force 
ite  iray,  it  Sowb  along  the  top  of  thia  bed,  and  escapee, 
when  the  bed  comee  to  the  surface,  either  in  epringa  or  by 
a  general  oozing  ont  above  the  oatbreak  of  the  impervious 
stratum.  Or  it  may  be  that  the  cracks  hj  which  it  is 
deeoendin^  beocone  so  narrow  that  friction  anmst  their  sides 
serioujOy  impedes  its  further  progress ;  if  in  this  case  it 
meet  with  a  wider  fissure  openmg  out  upwards,  it  may  be 
easier  for  it  to  be  forced  up  this  byhydiaaUo  pressure  titan 
to  continue  to  descend  by  gravity,  and  then  it  will  mount  up 
and  iesue  as  a  spring.* 

The  natural  pipee  which  feed  springs  of  Uiis  class  will 
not  generally  liave  a  veiy  large  bore ;  but  in  the  case  of 
rocks  which  are  chemi<»lly  acted  tm  by  rain,  there  is 
scarcely  any  limit  to  the  size  of  the  unde^round  channels 
which  water  makes  for  itself.  Among  the  widely  diffused 
rocks  Limestone  -is  tlie  one  most  readily  soluble,  and 
in  it  accordingly  are  these  undei^Tound  watercourses 
most  frequently  met  with :  the  water  burets  out  of  them, 
not  as  a  spring,  bat  as  a  full-grown  brook ;  and  they  some- 
times swallow  up,  and  after  a  time  discharge  again,  the 
oontents  of  good-sized  rivers.  It  is  scarcely  necessary  to 
give  instances,  but  we  may  mention  the  Holy  Well,  at  the 
town  of  that  name  in  Flintshire,  which  was  estimated  by 
Pennant  to  discharge  twenty-one  tons  of  water  in  a  minute. 

The  &ble  of 


was  evidently  based  on  a  knowledge  of  the  facts  we  have 
been  describing,  examples  of  which  are  extremely  oommon 
in  the  calcareous  districts  of  Greece. 

Uiideq;romid  streams,  provided  th^  coune  is  through- 
out downwards,  may  and  do  produce  and  convey  mechanic* 
ally  formed  sediment,  just  as  rivers  above  OTound,  but  the 
amount  of  it  will  obviously  be  small.  Their  principal 
share  in  the  work  of  denudation  is  dissolving  and  oarrymg 
away  in  solution  anything  they  can  act  upon  chemii^y, 
and  the  amount  removed  in  this  way,  so  to  speak  invisibly, 
is  very  la^e  indeed. 

In  volcanic  districtfl,  or  where  springs  descend  to  a  great 

depth,  their  waters  become  heated  and  impregnated  with 

•  Oflikie,  Primsr  of  FhjaioBl  GeosiAphy,  p.  16,  Fig. «. 
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alkaline  BolutionB,  and  are  then  able  to  digaolve  Silioa  and 
otlier  matterB,  which  otherwise  thej'  would  not  be  able  to 
attack  BO  easily.  We  have  already  seen  however  that 
tinder  certain  dimimataiLcee  carbonated  and  add  waters 
are  able  to  take  up  Silioa  at  the  surface.  The  inoreaee  of 
preBSure  at  great  aepths  also  allows  water  to  become  more 
largely  carbonated,  and  otherwise  incieaaee  its  dieaolving 
power. 

Water  aociunalating  below  ground  aesista  in  anotliOTway 
in  brin^g  about  denudation  of  the  surface.  When  lai^ 
quantitieB  of  soluble  rocks,  such  as  Limestone  or  Bock 
Bait,  have  been  dissolved  away,  the  ground  above  falls  in, 
and  thus  new  channels  are  formed  for  rivers  to  ran  in,  and 
carry  on  in  their  own  way  the  wearinsaway  of  the  surface. 
Thus  many  of  the  depressions,  in  which  the  lakes  called 
"  Ueree  "  in  Cheeliire  lie,  have  probably  been  farmed  by 
the  sinking  of  eround  beneath  wnich  thick  masses  fif  Rock 
Salt  have  been  dissolved  away;*  and  many  of  the  "DeXea" 
of  Derbyshire  and  other  limestone  districts  have  all  the 
look  of  having  been  once  caverns,  the  roofs  of  which  have 
fallen  in.f 

8.  Fbost  axd  Ice. 

We  now  come  to  the  denuding  effects  of  water  in  its 
solid  shape  aa  ice. 

If  water  be  gradually  cooled,  it  oontracta  as  the  tem- 
perature decreases  till  89°  Fahrenheit  or  4°  Oentigrade  is 
reached ;  it  then  begins  to  expand  and  continues  expanding 
till  it  is  converted  into  ice  at  32°  Fahrenheit,  or  0°  Centi- 
grade. 

TxoEmi  Watsr. — In  tiie  process  of  expansion  the  efforts 
of  the  mcdecules  to  get  further  apart  are  so  ezceec" 
powerful,  that,  if  the  water  be  shut  up  in  a  close  v 
they  rend  the  latter  c^en,  even  though  it  be  formed  of  iron 
half  an  inch  thiok.  Just  the  same  result  foUows  when  water. 
Which  has  soaked  into  the  cracks  and  crevices  (rf  a  rock, 
freezes.  The  expansive  force  tean  the  rock  open,  forces 
off  pieces  from  it,  and  throws  them  down  to  be  wwked 
smaU  by  rain  and  other  denuding  agents. 

The  amount  of  ruin  wrought  in  this  way  will  evidently 
be  very  considerable.     All  rooks  admit  water,  and,  wher- 

*  OimerodiQnart.  JoDm.G«aI.  bTshira  (Memoin  of  Qie  Qeolo- 
Soo.,  iv.  2flS.  giod  fiaiTS;  of  England),  p.  2. 

t  Hm  Geology  of  Nortlk  Dor- 
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ever  frost  oocure,  it  beoomee  one  of  tiie  moet  powerful  ^ents 
in  their  deetroctioii.* 

Olaoiw*. — We  have  already  Been  how  important  a 
denuding  agent  water  ie,  ae  it  flows  over  the  suitaoe  in  ita 
liquid  8tat9;  in  those  cold  regions,  where  water  can  exist 
only  in  a  solid  condition,  the  place  of  Btreams  and  riyers  is 
taken  by  loe  Bivers  or  CUacieTB,  and  these  also  do  their 
share  of  denuding  and  transporting  work.  There  u  a 
certain  line,  called  the '  limit  of  perpetuid  snow,  whose 
height  in  the  tropics  is  some  15,000  or  16,000  feet  above 
the  sea,- and  which  geta  lower  and  lower  ss  we  go  north- 
wards or  southwards,  till  at  last  it  comes  down  to  the  sea 
leveL  Above  this  line  the  temperature  never  rises  for  long 
together  above  the  freezing  point,  and  all  the  moisture 
wmch  falls  from  the  eky  comes  down,  not  in  the  shape  of 
rain,  but  as  enow.  On  a  table-land,  which  rises  above  this 
limit,  snow  alone  will  fall ;  and,  b»  very  httle  of  it  ia  ever 
melted,  layer  after  layer  will  be  added,  and  the  pile  will  ho 
always  growing  in  thickness.  The  enowthus  heaped  up  is 
compacted  into  ioe  in  various  ways  ;  the  weight  of  the  mass 
forces  the  air  out  from  between  the  crevioee  of  the  snow 
ftafcee,  and  binds  them  together ;  and  the  water,  which  'the 
thawing  of  the  surface  by  the  mid-day  sun  produces, 
tncklee  down  into  cracks  and  crevices,  and  becomes  frozen 
there  when  night  ctanes  on.  In  this  way  in  such  situations 
enormous  heaps  of  snow  and  ice  arise.  It  would  seem  at 
first  aight  that  under  these  circumstances  the  ioe  heap  must 
increase  in  thickness  every  year,  and  that  ia  consequence 
the  table-land  on  which  it  xeeta  wiU  get  higher  and  higher 
as  time  goea  on;  but  this  is  not  tiie  case,  snow-capped 
monnt^ns  and  ice-ciad  table-lands  retain  the  same  eleva- 
tion in  spite  of  tJie  constant  additions  to  their  covering,  and 
there  must  therefore  be  some  means  by  which  ice  is  carried 
away  from  them  as  fast  as  it  is  being  added  above.  Now 
if  ice  were  abody  rigid  like  glass,  this  increase  in  the  height 
would  take  [dace  wherever  the  ground  rieee  above  the  snow 
line,  and  there  would  be  scarcely  any  limit  to  the  depth  of  the 
accumulations  which  would  be  formed  in  such  situations. 
But  though  to  look  at  it  any  one  might  well  suppoae  that 
ice  has  as  little  power  to  change  fts  shape,  bend,  or  mould 
itself  as  glass,  such  is  really  far  from  being  the  case. 
Under  a  suf&cient  amount  of  pressure  icecan  be  forced  into 
new  forma  almost  as  readily  as  moist  day  or  dough,  though 

*  See  G«oL  Uag.,  voL  tL  p.  101,  for  a  good  ■"-*""'° 
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the  amoant  of  pressiire  required  to  mould  ice  ie  for  greater 
than  §ufficeB  for  the  modelling  of  these  eridectly  plastic 
materials,  and  the  change  of  shape  takes  place  in  a  totally 
di^erent  manner  in  the  two  casee.*  Now  suppose  we  laid 
day  on  a  table  with  a  slight  bulge  upwards  towards  the 
middle,  from  vhich  boards  eloped  down  to  the  floor,  and 
hept  adding  to  it  above,  what  would  happen  P  For  a  time 
we  might  go  on  adding  to  the  heap  without  producing  any 
effect,  but  as  we  Icept  putting  more  and  more  on,  the 
weight  of  the  upper  part  would  squeeze  out  some  of  the 
clay  below,  and  at  last  force  it  over  the  edge  of  the  table 
and  down  the  boards,  and  as  long  aa  we  kept  heaping  on 
above,  clay  would  continue  to  be  squeezed  out  below,  and 
would  slide  in  an  unbroken  sheet  down  the  boards  on  to 
the  floor.  If  there  were  grooves  or  hollows  in  the  surface 
of  the  boards,  the  flow  of  clay  would  evidently  take  place 
chiefly  along  them. 

This  is  exactly  what  happens  when  a  great  heap  of  snow 
and  ioe  has  been  piled  up  on  a  lofty  table-land ;  the  weight 
of  the  huge  masa  drives  portions  over  the  edges  of  the  taUe- 
laud  and  down  its  elopes ;  and,  as  the  pressure  from  behind 
is  kept  up  by  the  additions  which  are  always  being  made 
to  the  pile  at  top,  a  continuous  and  steady  flow  is  main- 
tained. In  high  latitudes,  where  the  snow  Ime  comes  down 
to  the  sea  level  and  the  whole  land  is  cased  in  ice,  there  ia 
a  diet^harge  of  the  latter  all  al<Hig  the  coast  line  into  the 
sea  ;  in  more  temperate  climates,  where  snow  accumulates 
permanently  only  on  veiy  high  ground,  the  ioe  drains  off 
down  the  valleys  in  the  form  erf  ^ng  tongues,  known  aa 
glaciers,  which  are  really  ioe  rivers,  always  sliding  down- 
wards, and  whose  motion,  except  that  it  is  slower,  differs 
in  no  respect  from  that  of  streams  of  liquid  water.  Qiaders 
descend  for  below  the  enow  line,  but  sooner  or  later  reach 
a  level  at  which  they  can  no  longer  remain  in  a  frozen 
state,  when  they  melt  and  become  nvers. 

The  under  surf  ace  of  a  glacier  is  just  at  the  melting  point, 
and  the  water  derived  from  the  thawinp  of  the  bottom  layer 
of  the  ice,  together  with  that  which  arnks  down  crevasses 
when  the  upper  surface  is  melted  by  the  mid-day  sun,  runa 

*  Th«     itndant    who    wiihsi  oeedingi  of  the  Boval   Sodetj-, 

fully  to  undertUnd  how  ioe  ia  zvii.    202;     Cioll,    Phil.    Mag., 

able  to  manage  this,  moit  coniult  Uarcb,    1869,   sod     September, 

l^rsdall.   The    Glaciora   of    the  1B70  ;  dinute  and  Time,  chap*, 

.ilpt ;    Lj-ell,  Principles,  vol.  i.  sua.  and  xzxi.;  alwi  Nature,  i. 

Dh^.  svi. ;  OuHw  Utwaley,  Pio-  116,  iv.  447,  t.  ISfi,  vL  3»S. 
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in  a  stream  between  the  baee  of  the  glacier  and  the  rock  on 
which  it  rests,  and  issues,  often  in  considerable  body,  from 
beneath  the  snont. 

The  table-land  on  which  enow  accomalates  is  oaUed  the 
"gathering  ground,"  and  the  parent  mass  of  bsot  the 
"anowfield"  or  "nfirS." 

Gladers,  lite  rivers,  act  as  canierB  of  debris  brought  on 
to  them.  On  the  bare  mountain  slopefl,  which  rise  abore  the 
ice,  atmospheric  weathering  goes  on  laroely ,  and  the  loose 
matters  tiaue  produced  roll  down  the  hillsides  and  fall  on 
to  the  surface  of  the  ice.  Thus  long  lines  of  dirt,  stones, 
and  large  angular  blocks  of  rook  aro  always  found  fringing 
the  od^^  of  a  glacier.  These  are  called  Lateral  Moraine*- 
When  two  valleyB  meet  and  their  respective  glaciers  unite, 
the  two  inner  lateral  moraines  run  together  into  a  heap  of 
rubbish  in  the  middle  of  the  glacier  and  form  what  is  called 
a  Medial  Moraine.  In  tiie  case  of  a  large  glacier  formed  b j 
the  junction  of  many  tribntariee,  there  will  be  many  of 
these  medial  moraines,  so  that  in  some  cases  the  surface  is 
so  thickly  strewn  with  dirt  and  rubbish,  that  the  ice  can 
scarcely  be  seen  through  it  All  this  burden  is  carried 
slowfy  forward  by  the  downward  movement  of  the  glacier, 
and  at  last  shot  over  the  end,  where  it  is  piled  up  in  a 
heap  called  a  Terminal  Moraine.  The  Terminal  Uoraine  ia 
constantly  being  worn  and  wasted  by  the  stream  which 
issues  bom  beneath  the  snout  of  the  glacier,  and  its  matc- 
riala  are  ground  fine  and  swept  down  and  go  the  way  of 
other  products  of  Atmospheric  Denudation. 

Fig.  8  is  a  somewhat  diagrammatised  view  of  a  glacier 
foimed  by  the  junction  of  uic  ice  etreama  of  two  valleys  : 
the  outer  lateral  moraines  fringe  the  edges,  a  medial 
moraine  is  seen  form.ed  by  the  imion  cd  the  two  inner 
lateral  moraines  :  at  the  extremity  the  lateral  and  medial 
moraines  are  being  shot  om  to  form  a  tenmnal  moraine. 
A  stream  rushes  out  from  an  ice-cave  beneath  the  glacier, 
which  has  cut  its  way  through  the  terminal  moraine,  so 
that  only  small  portions  of  the  latter  remain  on  each  side. 
In  the  ertreme  distance  we  catch  a  glimpse  of  snow-clad 
hills  forming  part  of  the  snowfield.* 

•  Tlw  nadar  wlio  widiM  to  of    •AgaMtt,      OharpentieT,    J. 

bSTe  in  m  few  «oid«  a  grkphic  FiubM,  IVndsU,  and  the  pnb- 

descnptitm   of    gUudv   re^nu,  lieatbnsof  the  Alpine  Clnb;  alio 

ahould  turn  la  Profewor  Q«lde'i  tha  "  B«poit  on  loa  ■■  an  AgaA  of 

Frimsr  of  Fhy«iC4l   Oeognfihy,  GeologicKl  Change,"  Bepoita  of 

p.  Tfi.    Fei  debiils,  *e«  tiie  work)  BritUh  AnooUtioa,  1S69,  p.  ITl. 
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As  rirers  abrade  theif  banks  and  beds  by  tli«  aid  of  the 
Bediment  they  carry  along,  so  gladere  wear  avay  ths 
bottoms  and  sides  of  the  valleys  along  which  they  &qv. 
Stonee  fall  through  the  fisBures  or  crevassea  which  traveree 
the  ice,  or  are  picked  np  from  the  bed  of  the  glacier,  and 
get  firmly  frozen  into  its  base.  The  under  eunace  is  thus 
oonverted  into  a  great  rasp,  which  grinds  the  rocks  over 
which  the  glacier  passes,  and  wears  them  down  into  the 
finest  and  most  impalpable  mud.  The  stream  below  the 
glacier  carries  this  on,  and  rushea  out  from  beneath  the 
end  largely  chained  with  mud  ground  so  fino  as  to  be 
easily  curied  to  long  distauoes.  The  great  network  of  the 
tribntariea  of  the  Khine  for  instance  is  formed  of  streams 
drainiug  the  northern  flank  of  the  Swiss  Alps,  the  fine 
glacial  mnd  brought  down  by  them  is  carried  on  by  the 
river,  and  out  of  its  settlings  tbe  flat  lands  of  Holland  have 
been  in  great  meaaure  formed. 

Ooatiaantal  Ioo-«li«flta. — ^In  Ai<ctio  or  Antarctic  regions, 
where  the  oonditious  for  the  accumulation  of  large  niaseee 
of  snow  and  ice  are  present,  the  ice  is  not  conflned  to  tho 
valleys,  but  the  whole  laud  becomes  cased  in  a  widespread 
sheet  of  it,  which  wraps  eveirthiug  in  one  unbroken  cover- 
ing  from  the  highest  ground  down  to  the  sea  level.  Tho 
best  known  case  of  mis  sort  is  that  of  Grecnlaud :  tho 
interior  of  this  country,  wherever  an  attempt  luis  lioca 
made  to  penetrate  into  it,  has  been  found  t»  be  buried  in 
ice,  and  it  is  probable  that  the  ice-sheet  stretches  without 
break  over  the  whole  land.  In  some  ports  the  frozen  mass 
reaches  quite  down  to  the  coast,  and  terminates  in  an  abrupt 
wall,  not  uncommonly  from  one  to  three  thousand  feet 
high,  and  sixty  miles  or  more  in  length.  £lsewhere  strings 
of  hills  stand  up,  like  islands,  between  the  interior  ice  and 
the  sea,  and  in  tbe  valleys  and  fiords,  which  separate  these 
detached  masses  of  bare  land,  the  ice  passes  out  to  sea  in 
great  glaoiera.* 

Just  in  the  same  way  as  glaciers,  masses  of  oontinental 
ice  are  always  slowly  moving  from  the  intenor  to  the  coast, 
whence  they  continue  their  motion  over  the  sea  bottom  till 
the  water  is  deep  enough  to  buoy  the  end  up :  hugh  masses 
then  break  off  and  float  away  as  icebergs.  Icebeigs  are 
also  formed  by  portioaB,  which  tumble  into  the  water  from 

■  See  the  woike  of  Dr.  Eana  aal  of  Boytl  Oeonaiducal  8a- 

and   Dr.    Hayea ;    Di.    Brown,  det^,  xiiii.  ItS.     For  the  Anl- 

Qunit.  Jonm.  Geolodcttl  Soc.  of  aictjo  lUgioni,  see  8ii  J.  Son's 

London,  zxri.  S7I;  Bink,  ion.  Towages. 
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the  wall  in  which  the  ioe-sheet  sometimeB  teniunat«a.  Just 
OS  in  the  case  ot  glaciers  too  oontinental  ice-sheeta  grind 
the  surface  of  the  ground,  over  which  they  paaa,  into  fine 
mud,  and  discharge  large  quandtiee  of  it  bj  eubglacial 
Btreams  directly  into  the  sea.  But  it  also  seemB  likefy  that 
huee  ice  masses,  such  as  we  are  now  considering,  will  grind 
and  tear  up  the  ground  underneath  Qiem  to  a  much  laiver 
extent  than  even  the  Unrest  valley  glacier  can  do,  and  that 
there  will  be  thus  formed  beneath  them  a  great  mass  of 
stones  and  dirt.  To  this  the  name  of  Moraine  Profonde  or 
Orundmorane  is  nTen.  This  peU-mell  assemblage  will 
be  pushed  to  and  fro  by  the  moving  ice,  and  if  it  be  driven 
into  a  valley  or  sheltered  reoeas,  the  ice-sheet  may  ride  over 
it,  and  disturb  it  no  further,  and  there  it  may  remain,  and 
if  any  improrement  in  climate  cause  the  ice  to  disappear,  it 
will  furnish  a  proof  of  the  former  presence  of  an  ice-sheet 
long  oftor  the  latter  has  ceased  to  exist.* 

It  any  peaks  of  bare  rock  rise  above  the  surface  of  a 
sheet  of  continental  ice,  moraines  will  be  formed  on  the 
latter,  just  as  they  are  formed  on  glaciers,  and  carried  down 
to  the  coast.  Icebei^  bear  away  portions  of  this  moraine 
matter,  and  also  stones  from  the  moraine  profonde  frozen 
into  their  base,  and  drop  their  burden  as  they  melt.  In 
this  way  rublWi,  and  la^e  unrounded  blocks  of  rock,  are 
deposited  on  the  sea  bottimi  far  away  from  the  source  from 
wnich  they  were  derived. 

CJoajit  Zoa. — Ice  also  does  imjportantwork  as  a  carrier  of 
denuded  matter,  in  the  shape  of  coast  ice  and  ground  ice. 
In  high  latitudes  it  often  happens,  that,  from  the  melting  of 
snow  on  the  shore,  the  water  adjoining  the  land  becomes 
freshened  far  enough  to  allow  of  its  freezing  at  a  higher 
temperature  than  the  body  of  the  sea,  and  a  belt  of  ice, 
known  as  coast  ioe  or  "  the  ice  foot,"  is  formed  along  the 
shore.  On  to  this  fringe  of  ice  debris  rolls  down  from  the 
land,  and  shingle  gets  frozen  into  its  under  surface.  The 
coast  ice  is  lifted  and  at  last  detached  by  the  rise  and  fall 
(rf  the  tide,  and  portions  of  it  with  their  load  of  detritus 
float  away,  and  drop  what  they  carry  as  they  melt. 

Groand  loo. — loebiownas  "ground  ioe"  or"anchor 
ice"  forms  eometimee,  in  a  way  not  perfectly  understood, 
at  the  bottoms  of  lakes  and  rivers  while  the  rest  of  the 
water  remains  unfrozen.  Pebbles  and  other  loose  matters 
are  frozen  into  the  under  surface  of  this  sort  of  ioe,  and 
lifted  by  it  and  floated  away  when  it  rises  to  the  surface. 
■  J.  G)eiki«,  The  QtmI  loeJtgB,  ohaps.  vL  aod  vii, 
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4, — AcnoH  OF  Wnro. 

The  share  which  wind  takes  in  the  work  of  denudation, 
though  not  very  huge,  ought  not  to  be  entirely  overlooked. 
Ita  effects  are  beet  seen  in  those  iiiolated  Uocks  or  pin- 
nacles which  often  rise  from  the  surface  of  a  oountiy  com- 
posed of  coarse  sandstone.  These  are  very  frequently 
undercut  or  worn  away  below,  taking  the  shape  of  anTils 
or  one-legged  tables —  j^ 

Shapes 
Th«  vport  of  nature,  aided  by  blind  chance, 
Rudely  to  mdek  tiie  toiling  works  of  num.* 

Id  these  oases  we  find  the  surrounding  ground  strewn  with 
ooaree  sand  produced  by  the  decomposition  of  the  rock 


Fig.  B. — Ukdbbcut  TaiLB  or  Qtitnov*. 

below.  This  sand  the  wind  drives  against  anything  that 
stands  up  above  the  surface  and  grinds  it  away,  but  aa  the 
wind  can  lift  the  sand  only  a  short  distauce  from  the 
ground,  the  wearing  is  confined  to  the  lower  portiou  of  the 
obstacles.  Fig.  9  is  an  instance  of  one  of  these  undercut 
rocks  :  in  this  case  probably  the  process  has  been  helped 
by  the  coping-stone  being  harder  man  the  beds  below,  but 
plenty  of  oases  occur  where  pillars  of  rock  of  equal  hard- 
ness throughout  are  hollowed  out  underneath  in  esactly 
the  same  way.    Similar  fomu  are  very  common  in  Oranite. 
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Socks  weathered  in  this  way  are  frequently  miataben  for 
"  Dniidical  Bemains." 

In  deserts,  aad  other  large  sandy  tracts,  the  drifting  of 
sand  by  the  winds  grinds  and  wean  rocks  that  stand  in  its 
way,  and  produces  very  remarkable  polished  surfaces  ajid 
Bcratches  upon  them,  not  unlike  those  due  to  the  action  of 
moving  loe. 

By  processes  like  these  no  inconsiderable  amount  of  rock 
is  worn  away. 

Denudation  of  this  sort  is  sometimes  called  .^olian. 

Wind  also  acts  aa  a  transporting  agent ;  sand  and  dust, 
and  any  loose  matters  produced  by  the  weathering  of  rocks, 
are  swept  by  it  iuto  running  water  or  the  sea  :  but  perkapB 
the  most  important  work  it  does  iu  this  way  is  by  trans> 
porting  the  ngbt  aahes  thrown  up  by  Toloanoes  ;  these  are 
carried  by  it  to  vast  distances ;  if  they  fall  on  the  land,  they 
are  ready  to  be  swept  further  on  by  rain  and  rivers  ;  or 
they  may  fall  directly  into  the  sea :  in  either  case  they 
funiisb  materials  for  subaqueous  strata. 

Wind  also  aids  the  sea  and  other  lat^  bodies  of  water 
in  the  work  of  denudation  by  causing  waves  and  unusually 
high  tides.  In  this  way  they  are  enabled  to  act  more 
ene]^etically  in  tbe  destruction  of  their  ooasta  and  banks, 
and  the  rush  back  of  the  pounded-up  water,  wben  the 
gale  abates,  sweeps  before  it  with  more  than  usual  force 
Uie  stuff  wbicfa.  the  storm  has  brought  down. 

5. — OuaAinc  Deswjnq  Aoents. 

The  help  given  by  plants  and  animals  towards  denuda- 
tion, diongb  not  veiv  important,  calls  for  a  passing  notice. 

Burrowing  animus,  such  as  rabbits  and  moles,  under- 
mine the  ground,  give  passage  to  rain,  and  so  weaken 
the  surface  and  render  it  an  easier  prey  to  other  denuding 
forces.  The  matter  they  throw  out  is  ready  to  be  carried 
away  by  rain  :  iu  this  respect  even  so  insignificant  a  crea- 
ture aa  the  earthworm  has  b«en  thou^t  worthy  of  being 
noticed  by  geologists.  Uarine  bonng-shellB  and  land- 
snails  bring  abont  the  destruction  of  Limestone  to  a  small 
but  appreciable  extent. 

Trees  destroy  rocks  mechanically  by  forcing  down  their 
roots  into  crevices  and  so  splitting  off  portions  :  but  plants 
do  their  most  important  denuding  work  indirectly;  by 
their  deoay  they  furnish  Carbonic  Add  to  water  and  thus 
enalde  it  to  dissolve  Limestone.     Professor  Anst«d  m^i- 
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tions  ctueB  of  holes  drilled  in  this  way  to  great  depths, 
and  eometimefl  right  through  blocks  of  Idntestone,  each 
hole  nfintftining  the  stem  of  a  plant  whit^  hy  supplying 
Carbonic  Add  to  wat«r  had  been  able  to  work  through  the 
rock  as  effectually  as  a  boring-drill. 

Oenzsal  Veet  of  Subasrui.  DsmjOATios. 

Such  then  are  the  main  aubaerial  denuding  agencies,  and 
the  waya  in  which  the;  each  individually  do  their  work ;  let 
us  next  see  what  is  the  result  of  the  joint  action  of  all. 

The  £ret  step  in  the  proceee  of  subaerial  denudatioii  is 
the  formation  of  boU. 

Fomutioil  of  Soil. — Actual  bare  rook  is  a  thing  not 
often  seen  at  the  surface ;  in  a  vast  majoril;  of  oases  what 
we  first  come  to  on  breaking  up  the  ground  is  a  layer  of  soil 
This  is  almost  unlvenally  the  case  in  flat  countries,  rery 
generally  so  in  hilly  ones,  and  it  is  only  in  moimtainoua 
tracts  that  we  find  any  widespread  exceptions  to  the  rule  * 
Now  it  is  in  most  oases  easy  to  see  that  this  coating  of 
BoU  does  not  consist  of  matter  brought  from  a  distance 
and  spread  orer  the  solid  rock  beneath,  but  that  it  is 
nothing  more  than  the  upper,  portion  of  that  rock  itself, 
broken  up  and  converted  mto  sand,  clay,  or  some  other 
incoherent  material  Various  subaerial  denuding  agents 
have  worked  together  to  produce  this  result.  Eain  has 
softened  and  in  some  cases  decomposed  chemically  the  oon- 
Btituent  minerals  of  the  rock ;  frost  has  shivered  it ;  the 
heat  of  the  sun  and  other  atmospheric  agencies  have  dried, 
cracked,  and  pulverised  parts  of  it :  the  roots  of  trees  and 
perhaps  burrowing  animals  have  had  some  share  in  break- 
ing it  up;  bj  these,  and  such  like  forces,  any  exposed 
Bunace  ot  rook  is  incessantly  being  attacked  until  a  portion 
of  it  is  converted  into  loose  soiL  The  natural  planes  of 
division,  known  as  joints  and  cleavage,  by  which  rocks 
are  traversed,  aid  materially  in  this  work  of  destruction. 
They  allow  of  the  percolation  of  water  into  the  body  of 
the  rocks,  and  are  p^nes  of  weakness  along  which  fraotorti 
is  readily  produced. 

On  exposed  mountainous  oonntries  the  light  matters 
thus  formed  are  washed  away  hj  rain,  or  roU  down  the 


tricUv      bonste  of  llmeisdiMolvedbjr  the 
whion      imin-mtra  sad  cairied  away  in 

)by  Google 


112  OEOLOOT. 

hillaideB  br  their  own  weight  ae  fast  aa  they  ariee,  and 
therefore  in  euoh  sitnations  the  rock  is  constantly  kept 
bare  in  epite  of  the  attempts  made  by  snbaenal  denuding 
agenta  to  bury  it  in  its  own  debns  :  in  oountries  leee  hUly, 
and  with  a  smaller  rainfail,  the  process  of  removal  goes  on 
to  a  smaller  extent ;  vhile  in  fiat  countries,  where  the  fall 
of  the  ground  is  amidl,  and  the  carrying  power  of  water 
running'  over  it  is  little  or  nothing,  soil  forms  faster  than 
it  can  be  carried  away,  and  the  solid  rock  is  everywhere 
deeply  buried  in  its  own  ruins. 

Theee  accumulationa  of  rain-borne  decomposed  rock  go 
by  the  general  term  of  "  Hain-wash ; "  they  may  be  distin- 
guished (1)  by  their  materials  being  etrictly  local  in  their 
origin,  (2)  by  their  stones,  if  they  contain  any,  being  not 
water-worn,  but  angular,  or  at  moat  showing  only  so  much 
rounding  as  might  be  produced  by  the  chemical  dissolu- 
tion of  their  angles  and  edges.  I>^>ositB  of  rain-wash  of 
various  Hnda  occur  in  the  south  of  England.* 

Deposits  of  this  class  are  also  very  lately  developed  in 
Spain,  in  the  flatter  parts  of  which  we  may  travd  for  hun- 
dreds of  miles  without  seeing  a  bit  of  rock  except  in  the 
deepest  railway  cuttings  ;  so  that  from  a  general  point  erf 
view  the  county  may  be  said  t»  present  only  two  physical 
features,  broad  pMns  of  rain-wash  and  mountainous 
Sierras.  The  causes  of  this  are  twofold :  the  lai^  and 
violent  rain-fall,  and  the  ^reat  extremes  of  temperature 
which  often  prevail,  give  rise  to  rock-disintegrataon  on  a 
large  scale,  and  the  plateau-like  form  of  the  ground  pre- 
vents the  debris  so  formed  from  being  carried  away. 

The  surface  disintegration  of  rocks  is  nowhere  better 
shown  than  in  the  case  of  Qranite  and  some  Traps.  In 
Granite,  this  is  due  mainly  to  the  atmospheric  denximposi- 
tion  of  the  Felspar,  and  in  this  way  ^e  rock  is  often 
reduced  to  a  mass  of  loose  fragments,  which  can  be 
shovelled  out  with  a  spade  to  a  very  considerable  depth. t 
A  large  tract  of  country  round  Uadrid,  which  is  coloured 
on  some  geological  maps  as  Diluvium,  is  covered  by 
decomposed  (Jrcuiite,  in  which  it  is  easy  to  pick  out  bits  of 
the  rock  only  partially  disintegrated.  In  the  same  way 
some  dioritee  weather  down  to  loose  earth,  in  which  are 
embedded  oonoretionaiy  nodules  that   have   been   hard 

■  Bee  Gktodvia  AiutiD,  Quut  f  8«e  De  U  Becbe,  Ueological 

JoQTD.  of  the  Geol.  Soo.,  vi.  ii,      Oljsetver,  pp.  3,  4. 
vii.    121;    FoaUr   and    Toplcf, 


)  by  Google 


FOEMATIOK  OP  SOIL.  113 

enouffli  to  reaiat  decomposition ;  and  the  whole  ha^  bo 
exacUj  the  look  of  the  accumijatioa  of  sand  and  bouldeie 
formed  by  a  mountain  torrent,  that  it  might  wdX  be 
mistaken  for  a  mass  of  water-\rom  materials. 

BsmoTol  of  Soil  ttttm  higher  to  lower  Levels. — We 
must  now  advance  a  step  further;  only  a  portion  of  the 
disintegTated  rock  remains  to  form  soil :  in  some  cases  we 
have  seen  it  is  swept  away  as  fast  as  it  forms,  and, 
even  when  the  rate  of  formation  is  greater  than  liiat  of 
removal,  some  part  of  the  loose  matter  is  coastaatly  moving 
onwards.  Sooner  or  later  the  products  of  surface  weather- 
ing find  their  way  into  a  brook,  and  are  swept  forward  by 
it,  either  in  fluspeneion  or  by  rolling  along  tne  bottom,  tiU 
the  brook  joins  a  larger  stream,  along  which  they  travel  till 
the  stream  falls  into  a  river,  and  along  this  they  continue 
their  course  till  the  river  is  lost  in  the  sea. 

At  the  same  time  these  transported  materials  enable  the 
water  of  the  streams,  which  by  themselves  have  little  or 
no  abrading  power,  to  wear  and  grind  the  banks  between 
which  they  flow,  and  thus  to  acM  to  the  amount  already 
being  carried  downwards  by  them. 

The  sum  total  of  transported  matter  is  also  swollen  by 
salts  and  other  substances  dissolved  by  rain  in  its  course 
over  the  ground,  brought  up  from  below  in  solution  by 
springs,  or  taken  up  by  the  waters  of  the  river  itself  in  its 
passage  over  soluble  rocks.  The  amount  of  these  chemically 
dissolved  substances  is  far  from  inconsiderable:  thus  Pro- 
fessor Bamsay  tells  us  that  the  Thames  carries  every  year 
into  Uie  sea  33,497  tons  of  matter  (chiefly  Carbonate  of 
Lime)  in  eolation ;  and  this,  if  precipitated  and  compressed 
into  Limestone,  would  form  a  bed  a  yard  thick  and  more 
than  seven  acres  in  extent. 

The  above  are  the  principal  steps  in  the  process  by 
which  water  in  its  liquid  state  transports  the  products  of 
subaerial  denudation  continually  from  higher  to  lower 
levels.  The  share  which  It  contributes  to  t£e  work,  in  its 
solid  shape  as  ice,  falls  next  to  he  considered.  We  have 
seen  that  the  streams  which  issue  from  beneath  the  snouts 
of  glaciers  are  largely  charged  with  sediment  already 
ground  so  fine  that  it  is  at  once  carried  forwards.  The 
coarser  matters  shot  over  to  form  the  terminal  moraine  are 
attacked  by  various  subaerial  denuding  agents,  in  the  end 
ground  fine  enough  to  be  moved,  and  then  are  carried 
away. 

Where  glaciers  or  masses  of  continental  ioe  come  down 
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to  the  eea  lernl,  the  streams  beneatJi  them  dlechai^  directly 
into  the  eea  Urge  qoantitiee  of  finely  oomminuted  mud ; 
and  the  icebergs  wnidh  break  off  tram  them  eaxrj  away 
coarse  materials  and  la:^  unrounded  blocks  of  rocks,  and 
deposit  them  far  away  from  the  spots  from  which  they  were 
derived. 

In  a  word,  the  surfeoe  of  the  ground  is  constantly  acted 
on  by  a  number  of  ageudes,  wMch  all  work  together  to 
wear  and  break  it  up  :  the  loose  matters  so  produced  are 
carried  downwards,  and  at  the  same  time  added  to,  by 
moving  water  either  in  a  liquid  or  a  solid  state,  till  they  at 
last  come  to  reet  at  the  bottom  of  laive  bodies  of  still 
water.  This  chain  of  events,  all  intimately  connected  with 
one  another,  constitutes  the  process  of  subaerial  denuda- 

6. — MAnmx  Ddtudatiok. 

The  sea  to  a  veiy  large  extent  only  fiuisbes  work  begun 
for  it  by  eubaerial  denuding  agents. 

The  coarser  stuff  brought  into  it  by  rivers  is  tossed  to 
and  fro  by  the  tides,  tiU  it  is  ground  fine  enough  to  allow 
of  its  being  swept  away  altogether.  In  the  case  of  a  coast 
bounded  by  cliffs,  the  expansion  of  frozen  water,  the  un- 
dermining caused  by  the  outbreak  of  springs,  or  the 
unequal  yielding  to  uio  weather  of  beds  of  different  hard- 
ness, and  other  similar  causes,  break  off  and  throw  down 
la^^  masses,  and  the  eea  completes  the  work  by  grinding 
these  into  mud,  shingle,  or  sand,  and  then  by  the  aid  of 
tides  and  currents  sweeping  them  away. 

But  the  sea  may  bIbo  claim  a  certain  amount  of  the 
denuding  work  which  it  effects  as  entirely  its  own.  In  the 
same  way  as  the  sediment  carried  by  runnmg  waters  enables 
them  to  grind  away  their  banks,  the  sea  usee  the  boulders 
and  shingle  of  the  beach  as  instruments  for  the  destruction 
of  its  cliffy  shores.  Waves,  rolling  in  from  open  ocean 
spaces  and  driven  forward  by  gales  of  wind,  nave  force 
enough  to  lift  and  hurl  against  anything  that  oomes  in 
their  way  enormous  massee.  By  this  means  the  looite 
blocks,  that  fringe  in  heaps  rocky  shores,  are  dasheil  with 
fearful  violence  (gainst  the  cliffs,  and  by  this  incessant 
pounding  and  battering  fresh  portions  are  from  time  to 
time  brought  down,  to  be  used  in  their  turn  as  instruments 
for  further  destruction. 

Thus  the  fact  that  the  coast  rocks  are  hard  so  far  from 
protecting  them  from  the  encroachments  of  the  sea,  makes 
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them  in  some  measure  a  more  certain  pre;  to  its  vearinv 
action,  for  the  harder  the  rook  is,  the  more  deetructiTe  will 
be  the  uomimititm  furnished  by  ita  ruiiu).  Where  the 
eoast  a  composed  of  loft  rocks,  it  ia  eaten  into  all  tlie 
more  easily ;  its  destruction  is  incessant,  and  the  advance 
of  the  sea  becomes  rapid  enough  to  be  obrioos  even  to  the 
most  casual  observer. 

It  must  be  noted  that  the  destructive  action  of  the  sea 
is  confined  almost  entirely  to  the  belt  between  high  and 
low  water  mark.  Within  that  space  the  rise  and  fall  of 
the  tides  and  the  force  of  the  breakers  ^^in*!  down  any 
loose  matter  exposed  to  their  action.  These  fancies 
bowever  cease  to  have  any  effect  on  a  bottom  covered  by 
a  moderate  depth  of  water,  and  hence  vtry  fwor^  ail  tie  de- 
nuding wort  0/  the  teaie  Cotut  Denvd^iim.  The  drifting  of 
tough  sediment  over  the  bottom  by  onder-curr^ita  may 
produce  some  abrasion,   but  its  amount  cannot  be  very 

BelaUv*  ImportaaiM  of  Bnbasrlal  and  Harina 
2>*and»tlon, — We  may  here  note  that  marine  denuding 
agmitB,  such  for  instance  as  the  beating  of  the  waves  on 
an  exposed  rocW  coast,  are  far  more  striking  and  appeal 
far  more  forcibly  to  Uie  imagination  tbsji  uie  slow  and 
almost  insensible  action  of  subaerial  denuding  forces. 
The  latter,  partly  because  they  are  so  common,  partly 
because  tbeii'  action  is  so  gentle,  and  partly  because  they 
operate  so  slowly  that  their  results  are  mappreciable  unless 
they  are  very  carefully  measured  or  observed  over  a  long 

rod  of  time,  are  apt  to  be  overlooked,  and  indeed  were 
a  long  time,  if  not  actually  overiooked,  yet  denied  tlieir 
true  importance  by  geologbts.  It  is  now  however  very 
generally  recognised  that  they  perform  by  far  the  larger 
part  of  the  denudation  that  ia  going  on  before  our  eyes, 
and  they  have  at  last  had  their  true  place  granted  them  in 
the  roll  of  denuding  forces,  a  place  to  which  Hutton  long 
ago  pointed  out  that  they  were  entitled. 

It  seems  almost  past  belief  that  the  importance  of  sub- 
aerial  denudation  should  have  been  so  long  overlooked, 
and  that  truths  so  simple  and  apparently  so  self-evident  as 
those,  of  which  we  have  juM:  given  an  abstract,  should  not 
have  forced  themselves  on  the  notice  of  geologists  from  the 

■  For  Usrlne  Denadstion.  Me  The  Scenny  of  Scotkni]  ri«iF«d 
Lyell'*  PiindplMi,  toL  i.  cbups.      in  connectioii  with  ita  rhfiiod 

logical  Obaerver,  mc  v.  ;  Q«ikie, 
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Tery  first  birtb  of  the  sdeoice.  The  explanation  however 
ie  easy  enough,  and  fumiahea  so  useful  a  lesson  to  the 
would-be  cultivator,  not  only  of  geology,  but  of  any 
other  science,  that  it  ie  worth  calling  attention  to  it.  Men 
failed  to  see  these  obvious  truths  sunply  because  they  did 
not  look  for  them;  because,  instead  of  going  forth  and 
marking  Nature,  they  amused  themselvea  with  weaving 
ingenious  conceits  in  anu-chaiia  at  home.  Hutton  was 
the  first  clearly  to  enunciate  the  laws  of  denudation,  which 
he  had  learned  by  observation ;  tbe  summary  of  one  of  his 
chapters  is  worth  quoting :  "  Whether  we  examine  the 
mountain  or  the  plam ;  whether  we  consider  the  degrada- 
tion of  rocks  or  of  the  softer  strata  of  the  earth  ;  whether 
we  contemplate  Nature  and  the  operation  of  time  upon  the 
shores  of  the  sea  or  in  the  middle  of  ibe  continent,  in 
fertile  countries  or  in  barren  deserts,  we  shall  find  the 
evidence  of  a  general  dissolution  on  the  surface  of  the 
earth,  and  of  decay  among  the  hard  and  solid  bodies  ot 
the  globe."  Flayfair  put«  it  more  tersely  thus:  "The 
consequence  of  so  many  minute,  but  indefatigable  agents, 
all  working  together,  and  having  gramty  in  their  favour,  is 
a  system  of  universal  decay  and  degradation,  which  may 
be  traced  over  the  whole  surface  of  the  land,  from  the 
mountain-top  to  the  ssa-ahore." 

Another  useful  lesson  may  be  leaned  from  this  bit  of 
the  history  of  Geologr.  It  is  now  nearly  eighty  y^eera 
since  the  Theoiy  of  the  Earth  was  published,  and  it  is 
only  quite  lately  that  geologists  have  come  to  reoognise  the 
truth  of  its  teaching.  60  slow  are  men,  even  when  the 
right  road  is  pointed  out  to  them,  to  leave  a  groove  which 
they  have  been  for  a  long  time  following.* 


Q  with  the  mb-  asj,   Tha     Fhyric&I   Qeonaphy 

ject  at  DmutLitioa,  tlia  itudeut  and  Oeologf  of    England    and 

will  do  well  to  raad,  Theory  of  Walsa ;  A.  Qeikia,  Tbe  Bcenerv 

tlie  Earth,  Part  I.  chap.  i.  woo,  and   Oeology   of    Scotland;    A 

St.,  Part  II.  oha(M.  iu.  to  vii. ;  Strang,  th«r  den  EreiBlauf  der 

Playfairs  lUiutiationa,  sec  ui. ;  stoffc  in   der   Nutur,  Leonhard 

Scropea   Volcanoes   of    Central  aaj    Qcinita    Jikhrbuch,     1873, 

FnuiM,  2nd  ed.,  ohap.  iz. ;  Bun*  p,  33, 
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CHAPTER  rV. 

fFSAT  BSCOMSS  OF  TBS  WASTE  FROSUCSD  AlTD 
CABBISD  OFF  Sr  BBlfUDATIOll.—THS  MSTHOD  OF 
FOBMATlOSr  OF  BEDDED  SOCKS,  AND  SOME  STRUC- 
TUBES  IMFBBSBSD  ON  THEM  AFTER  TSEIR  FORMA- 
TION. 

The  Rhone  by  Lenun'a  vaten  wubed, 
When  mingled  tmd  yet  septmtle  appeals 

The  liver  bom  Uie  lake,  all  hluely  dashed 
Thrangh  the  terene  end  pludd  glaesy  deep, 
That  lain  vould  Inll  her  riTci-diild  to  ileep. 

SECmON  I.— MATTER  UEOHANICALLT  CABBIED. 

HATING  now  p&seed  in  review  the  variouB  agencies 
which  at  all  timee  and  in  all  placee  ore  at  work 
breaking  up  the  Buifooe  of  the  eaiih,  and  having  con- 
Tinoed  oarselyeB  that  the  larger  part  of  the  waste  which 
resultB  from  their  action  finds  its  W&7  sooner  or  later  into 
running  waters,  and  ia  carried  on  hj  them  in  their  down- 
ward couree,  our  neit  task  is  to  inquire  what  happens  to 
the  matters  thus  swept  away  when  the  streams  which  bear 
them  along  are  lost  in  bodies  of  still  water,,  such  as  the  sea 
or  a  large  lake ;  and  we  will  begin  with  ^e  mechanicall; 
transported  msttets,  those  namely  which  ore  carried  in 
suspension,  and  those  which  are  swept  along  the  bottom. 

when  the  velocity  of  the  atream  la  by  degrees  checked, 
and  at  last  destroyed  altogether,  it  can  no  Ioumt  bear 
along  ita  burden,  ^e  stuff  uiat  has  been  n^ed  Song  the 
bottom  comes  to  reet,  and  the  sediment  held  in  suspension 
sinks  down. 

But  the  suspended  matters  will  not  fall  all  togelber :  there 
win  generally  be  some  of  them  heavier  than  others, 
some  ooarse  and  others  more  finely  divided.  Long  after 
the  current  has  ceased  to  be  able  to  hold  up  the  heavy  and 
coarse  part,  it  may  retain  velocily  enough  to  carr?  forward 
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the  light  and  more  finely  divided,  and  the  latter  wHl  travel 
much  farther  than  the  former  from  the  mouth  of  the  river 
before  they  reach  the  bottom. 

AxnuLgsmuit  ofMsohuilaftl  Depoaita  Rcoordiag  to 
Sisa  and  Vaight. — In  any  laKre  body  of  vater,  then,  fed 
by  running  streame,  we  should  find  deposita  on  the  bottom 
arranged  somewhat  in  the  following  oraer. 

Fringing  the  coast,  and  eBpedelly  facing  the  mouths  of 
the  riveTs,  there  will  he  a  belt  of  t^hs  of  coarse  pebbly 
matariala.  In  the  case  of  lakes  or  tideless  seas  these  may 
stretch  mit  'lor  a  considerable  distance,  for  when  the  water 
has  been  shallowed  for  some  way  out  by  the  formation  of 
a  bank  of  shin^,  pebbles  may  be  rolled  on  in  the  shallov 
wat^  on  the  top  of  the  bank  and  shot  over  the  end,  and 
the  &ont  in  this  way  be  continually  pushed  forward.  Along 
the  shore  of  the  open  ocean  no  broad  aocnmnlation  M 
shingle  can  take  place,  for  the  pebbles  are  always  being 
ground  fine,  and  swept  out  to  sea  by  the  rise  ana  fall  oi 
tiie  tides  and  &e  beatmg  of  the  breakers. 

When  theee  shingle-banks  can  be  formed,  they  will 
evidently  be  thickest  on  the  shore  aide,  and  thin  away  in  a 
wedge-shaped  form  as  wo  advance  into  deeper  water. 

Beyond  the  shingle-banks,  and  resting  on  their  thin 
edgee,  there  will  be  other  banks  of  a  similar  shape,  but 
formed  of  materials  a  little  less  coarse :  and  because  the 
cconponents  of  theee  can  be  borne  rather  further  than  the 
coarsest  shines  before  thev  oome  to  rest,  these  banks  will 
not  thin  away  quite  so  rapidly,  and  will  form  wedges  with 
angles  more  acute  than  those  of  the  banks  next  the  shore. 

In  this  way  as  we  leave  the  shore  we  shall  find  the 
deposits  becoming  less  and  less  coarse,  and  arranged  in 
wedges  getting  more  and  more  acute,  till  at  last  their 
uppOT  and  under  surfaces  beoome  approximately  parallel, 
and  they  take  the  shape  of  beds  or  strata. 

The  ughtest  and  most  finely  divided  matters  will  sink 
▼ery  slowly  through  the  water  and  travel  far  before  they 
reach  the  bottom,  and  will  oome  to  rest  in  layers  or 
lamince,  which  keep  nearly  the  same  thickness  over  large 
areas. 

Azraagamant  of  MaolLanioal  Depoaita  according 
to  lliiiaxal  Onupoaitioii. — Besides  these  differences  in 
arrangement  there  will  also  be  a  diSerenoe  in  the  mineral 
composition  of  the  deposits  fringing  the  shore  amd  those 
remote  from  it. 

The  sediment  carried  down  meohanioally  by  running 
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vater  consists  mainly  of  two  lands,  aandy  or  siliceoua, 
and  clayey  or  argillaceous.  Now  quartz,  of  ifhich  sand  is 
composed,  is  very  hard,  and  will  stand  a  great  deal  of 
wear  and  tear  before  it  gets  ground  £ite ;  hence  the  cx>arser 
deposits  will  be  mainly  sandy.  Clay,  on  the  other  hand, 
is  sott,  and  easily  worn  down  into  the  finest  impalpable 
mud  J  hence  the  mier  deposits  will  be  mainly  clayey. 

Therefore  we  shall  find,  as  a  rule,  that  near  the  shore 
tM^»-*hap»d  hanJu  of  eoartt,  umdy  materials  prerail,  while 
furUier  ont  r^tUorly  btdtUd  U^«rt  nf  fi»*  elay  cover  the 


This  order  will  not  be  without  interruption,  because 
during  floods  the  coarser  materials  will  be  carried  further 
out  than  usoal,  and  so  wedges  of  sand  will  come  to  be 
interleaved  among  the  evenly  bedded  clays ;  and  in  the 
same  way,  when  the  rivers  are  low,  clayey  deposits  will 
be  formed  in  the  sandy  region ;  still  upon  the  whole  the 
general  amusement  oE  the  d^ioslts  wul  be  such  as  has 
been  describetL 

Finally,  if  the  ocean  be  large  enough,  there  will  be  a 
limit,  beyond  which  no  river^bome  sediment  will  be  carried, 
and  no  mechanical  deposit  formed  on  the  sea  bed.  These 
regioui  however,  as  we  shall  see  further  on,  will  not  be 
without  deposits,  for  in  them  marine  animals  build  np 
great  masses  of  pure  limestone. 

Ctameral  Arrangeuent  of  Xeohutloal  Dspoalta. — 
In  Fig.  1 0  an  attempt  is  made  to  show  diagrammatically  the 
arrangement  of  mechanically  formed  deposits.  The  dark 
part  IS  the  solid  rock  f  onning  the  land  and  the  sea  bed ; 
the  straight  line  the  sea  leveL  Looking  at  the  lower  and 
Aerefore  first-formed  accumulations  of  sediment,  we  see 
close  to  the  shore  a  bank  of  large  pebbles  with  a  steep 
face  seawards :  beyond  this  there  follow  other  banks,  the 
first  of  pebbles  not  bo  lai^  as  on  the  bank  nearest  the 
shore,  the  next  of  coarse  sand,  the  next  of  finer  sand,  and 
so  on :  and  tlie  seaward  faces  of  all  these  banks  get  less 
steep  as  wb  leave  the  shore.  Beyond  the  finer  mnd 
etretohee  out  in  thin  layers,  becoming  more  and  more 
nearly  horizontal  as  we  get  out  to  sea.  After  these  beds 
had  been  laid  down,  the  atieams  ceased  for  a  while  to 
have  the  power  to  carry  coarse  sediment,  and  could  not 
bear  even  fine  mud  as  far  as  before:  consequently  the 
lattar  sank  down  nearer  the  shore,  filling  up  Uie  hulows 
between  the  banks,  and  levelling  over  their  uneven  surface. 
Subsequently  coarae  matten  were  again  brought  into  the 
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■wmter,  and  k  range  of  banlu  aimilaT  to  those  in  the  lover 

part  of  the  section  were  piled  up 

on  the  top  of  the  lajere  of  mud, 

-while  finer  deposits  again  began 

to  accnmulate  in  the  remoter  parte 

c^  the  ocean.     In  the  diagram  the 

^  transitions  are,  for  the  Bake  of  dis- 

5   tinctnesB,   made  abrupt ;   but  in 

3   Nature  the  passage  from  shingle 

1  J  to  sand,  and  from  sand  to  mud, 
g  ^  would  be  much  more  gradual, 
?  A  and,  as  the  matenat  gKW  finer, 
i  §  almost  insensible. 

^  In  the  crust  of  the  earth  we 

g  meet  with  rocks  which,  ezcept  that 

K  they  are  harder  and  hound  more 
firmly  together,  bear  the  closest 

g  ^  resemblance  to  the  accumulations 

2  J  that  have  just  been  described. 
g  -g  Conglomerates  are  composed  of 
.-.  '  exactly  the  same  materials  as  the 

I  shingle  of  the  beach  and  littoral 
me;   Sandstones  of  aU  degrees 
:  coaneoesB  find  a  parallel  in 
I    submarine  saudbanlcs  ;  there  are 
sandy  shales,  which  are  mixtures 
;   of  fine  sand  and  mud ;  and  the 
r  finely  laminated  argillaceoiis  shalo 
,   corresponds  exactly  to  the  evenly 
°  bedded  deposits  of  small  silt  and 
mud.   And  among  these  rocks  w» 
Q  ■£    find  elso  just  the  same  arrange- 
M  ^        ment  as  oas  been  described  in 

"^        the  last  few  pages.     In  the  great 
^  ,  masses  of  pebbly  Sandstone,  as 
^  I   in  shingle-banks,  the  pebbles  are 
^  i   found  to  grow  smaller  and  sraallep 

j  as  we  trace  the  rock  in  a  certain 
t  direction,  and  at  last  disappear 
altogether,  bo  that  the  bed  passes 
insensibly  into  a  rough  gritstone, 
this  again  still  further  on  merges 
into  a  finer  Sandstone,  and  per- 
haps at  last  is  found  to  tail  out 
aJtoge&et  in  a  wedge-shaped  form,  and  to  be  replaced 
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by  dOTHMito  of  more  regularly  bedded  hardened  sandy  mud, 
and  these  in  turn  shade  off  into  more  purely  clayey  mud.* 
We  also  find  alternations  of  sandy  and  dayey  rocbs, 
corresponding  to  the  alternations  of  banks  of  sand  with 
deposits  of  mud,  which  are  now  being  produced  by  varia- 
tions in  the  transporting  power  of  currents. 

Some  substances  remain  suspended  in  water  not  eo  much 
on  account  of  their  low  specifio  gravity  as  in  virtue  of  their 
farm.  One  of  the  commonest  of  these  is  Uica.  The  thin 
laminse,  into  which  this  mineral  splits,  present  a  broad 
surface  to  the  water  and  give  rise  to  an  amount  of  resist- 
ance to  ainVing  very  large  in  comparison  with  their  weight ; 
hence  they  settle  down  very  slowly  and  regularly.  In  this 
way  the  surfaces  of  the  beds  of  regularly  stratified  deposits 
are  thickly  flecked  over  with  little  spangles  of  this  mineral. 
Sandstones  and  shales  of  this  character  are  very  common, 
and  are  called  Mteaeeoui  Stmdttonet  and  ShaU».  That  Uica 
does  behave  in  the  way  described  is  found,  out  in  the 
washing  of  China  Clay :  owing  to  the  way  in  which  the 
water  holds  u;^  its  thin  plates,  it  is  the  most  difficult  im- 
purity to  get  nd  of. 

We  will  now  examine  a  little  more  in  detaU  the  nature 
and  characterietica  of  deposits  formed  near  the  shore. 

Eorisontal  Growth  of  Co»Tsa  Deposits.— In  a  sea, 
which  deepens  rapidly,  coarse  deposits  will  be  confined  to  a 
belt  fringing  the  coast:  but  in  a  large  area  of  shallow 
water  they  may  extend  over  a  much  wider  space :  for,  as 
soon  as  a  belt  of  banks  such  as  we  have  described  has 
formed  along  the  shore,  the  water  above  is  rendered 
ediallow  enough  to  allow  of  coarse  materials  being  rolled 
over  their  tops,  and  shot  over  their  seaward  faces  ;  and  in 
this  way  the  front  of  the  bank  will  be  always  moving  from 
the  shore,  and  the  deposit  extended  as  far  as  the  water 
continues  sufficiently  shallow. 

Tertioftl  Growth  of  Ooane  Dtpotita. — But  we  have 
yet  to  account  for  the  existence  of  deposits,  evidently 
formed  in  shallow  water,  and  yet  of  ^eat  thickness.  For 
instance  in  the  Coalfield  of  South  Wales  rocke  certainly 
subaqueous,  but  none  of  which  can  have  been  deposited  in 
deep  water,  are  piled  one  ou  the  other  to  a  thickness  of 
ten  thousand  feet. 

We  shall  see  by-and-by  that  the  surface  of  the  globe 
is  never  at  rest,  that  portions  are  rising  and  others  sinking, 

■  For  an  instuiCB,  «ee  Qtmrt.  Joum.  OmI.  Soo.,  xz.  269—267. 
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and  that  theea  ch&n£««  of  level  have  been  going  on  thiougli- 
out  all  pa«t  time.  Now  eappose  the  bed  of  a  bWIIow  eea  to 
be  MiTilring,  say  at  the  nte  of  a  foot  in  a  century,  and  also 
that  in  the  same  time  one  foot  of  sediment  ia  laid  down  all 
over  the  bottom ;  then,  since  the  accumulation  of  sediment 
fiUa  tip  the  water  at  exactly  the  same  rate  as  the  sinking 
would  deepen  it  if  no  deposition  were  going  on,  it  is  dear 
that  the  depth  will  always  remain  the  same,  and  that  the 
oonditions  neoeeeai;  for  the  accumulation  of  shallow-water 
deposits  will  always  be  preserved ;  and  with  such  an  adjust- 
ment any  thickness  whatever  of  such  deposits  may  be 
obtained. 

Wherever  then  wo  find  a  great  thicknees  of  beds,  which 
must  have  been  formed  in  shallow  water,  we  know  at 
onoe  that  daring  their  deposition  the  sea  bed  must  have 
been  sinking  at  about  the  same  rate  as  they  vere  accu- 
mulating- 


Fig.  tt.    FoBiunov  or  Ovaamn  BaDonro. 


Drift  or  Otizraiit  Bsddiag. — We  may  now  look  a 
little  more  closely  at  the  way  in  which  the  materials  of  the 
banks  of  coarse  sediment  are  arranged.  In  Fig.  11,  AS  is 
the  surface  of  the  water,  and  CJ)  the  front  of  one  of  these 
banks  in  course  of  formation.  From  A  to  C  the  wat^  is 
shallow  enough  to  allow  the  current  to  retain  velocity  suf- 
ficient to  roll  sand  or  pebbles  along  the  bottom,  but  ia  the 
deep  water  beyond  C  this  velocity  becomes  suddenly 
checked  and  their  further  progress  arrested.  The  coarse 
matters  are  therefore  shot  over  the  edge  of  the  bank,  and 
arrange  themselves  in  a  little  sloping  layer,  CDEf:  by 
this  means  the  extent  of  shallaw  water  will  be  a  litUa 
increBsed,  and  another  sloping  layer  added  above  CH. 
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And  BO  the  pTOcesa  goes  on,  till  in  the  end  a  bank  is  formed 
maJt  %p  of  Oiin  $loping  laytrt  ell  dipping  •'»  tJie  dtrteiion  tn 
which  the  ourrmi  ii  moving. 

If  a  current  with  a  different  direction  paas  over  the  saiae 

rt,  another  bank  will  be  piled  up,  compoeed  lUce  the  first 
thin  sloping  layers,  but  with  ite  layers  dipping  towards 
a  different  quarter. 

By  ft  repetition  of  this  process  we  shall  obtain  a  deposit 
made  up  of  wedge-shaped  beds,  each  of  which  is  traversed 


Fi{.  13.— QUABXT  IK  Cdkbiht-biuuu)  Uuck. 

hy  smaller  planes  of  division  crosstng  the  main  lines  of 
bedding  obliquely. 

Such  a  struoture  is  called  Fa]se-h«ddJng,  Gross-bedding, 
Current-bedding,  or  Drift-bedding ;  an  example  of  it  u 
^ven  in  Fig.  12.  Bock  possessing  this  structure  is  some- 
times called  "Edd;  Book  '  by  ijuarrymen  and  well-sinkers. 


Kg.  H  W. 
Blppladrift. — ^Let  us  next  consider  what  will  happen 
on  a  sea-bottom  on  which  a  current  is  forming  ripple-marke. 
The  shape  of  the  bottom  is  such  as  is  shown  in  Fig.  13o, 
the  arrow  being  the  direction  of  the  current,  and  each 
ripple  having  along  genUe  slope  on  the  side  froni  which 
the  current  comes,  and  a  steeper  slope  on  the  opposite  side. 
If  no  sediment  is  being  brought  into  the  water,  the  current 
will  roll  sand  up  each  gentle  slope,  and  the  latter  will  fall 
down  over  the  steep  slopes,  and  the  only  thing  that  will 
happen  wiU  be  a  general  movement  of  the  ripples  in  the 
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direction  of  tlie  arrow.  Bnt  if  sand  be  iinking  through 
the  water,  it  will,  as  it  falls  on  the  gentle  slopes,  be  rolled 
ap  them  and  over  their  edge,  and  faU  down  in  a  layer 
over  each  of  the  steep  fronto,  A  B,  CD,  EF,  as  in  Fig.  1 3S. 
In  this  way  the  steep  fronts  will  always  be  added  to,  till  at 
last  the  old  surface,  ABCDEFQ,  wiU  be  effaced  by  the 
filling  in  of  the  hoUova  ABC,  CBE,  EFQ,  and  a  new 


Kg.  l>  (*). 

rippled  marked  snrfaoe,  aAlCeEi,  formed  abore  it, 
Fig.  13e.  By  oontinumg  this  we  shall  at  last  arrive  at  a 
rock  like  that  shown  in  Fig.  \Zd.  This  structure  is  called 
"Bipple-drift."*  Both  Current-bedding  and  Bipple-drift 
are  common  in  rocka  which  have  been  formed  in  shallow 


water :  indeed  it  is  scarcely  possible  to  find  a  sandstone 
which  does  not  show  one  or  the  other  to  a  greater  or  lees 
degree. 


I1f.U(rf). 

CoBtemporaneona  Erosloa. — Another  cause  of  ^i^ 
irregularity  in  the  bedding  of  shallow  water  deposits  is 
the  erosion  of  part  of  one  bed  by  a  current  before  the  bed 
next  above  was  laid  down.  A  good  case  is  shown  in  Fig.  14. 
Here  the  evenly  bedded  mud  in  the  lower  part  of  the  sec- 
tion was  once  continuous  throughout :  but  a  hollow  has 
been  out  out  in  it  by  a  current  or  river,  and  then  sand 
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rolled  in  and  the  lioUow  filled  up  ^t^  it :  mud  and  eand 
are  now  botli  compacted  into  hard  Shale  and  Sandstone. 
Cases  of  this  sort  are  of  veiy  oonunon  ooeurrence  in  beds  of 
Coal,  when  they  are  known  as  "Bock  Faults"  or  "Horsee." 
What  is  now  Coal  was  originally  a  sort  of  peat-bog :  by  some 
change  in  physical  geography  a  river  has  been  turned 
across  the  bog  and  cut  out  in  it  a  channel,  and  this  has 
afterwards  been  filled  in  by  drifted  sand  now  hardened 
into  Sandstone.* 

Bippls-marks,  Bain-dropi,  Son-onuiki,  uid  AnimnI 
UnkokM. — We  may  here  notice  one  or  two  appearances 
whkfa  present  themselves  alike  in  the  deposits  now  form- 
ing on  the  shores  of  seas  or  lakes,  and  in  rocks  which 
were  laid  down  long  ago  under  similar  circumstanoee.  If 
we  walk  over  a  sandy  beaoh  laid  dry  by  the  fall  of  the 
tide,  we  often  find  the  surface  of  the  sand  marked  with 
a  rippled  pattern,  like  that  produced  on  water  raffled  with 


Fig,  I*. — CoNTBHTOBAHBIXia  EwMIOM. 

«  Bbala  ^ibili  hrn  baea  puftf  rat  twaj, 
I  np  u«  bolhnr  in  (a)i 


a  gentle  wind.  This  is  known  as  "  Bipple  "  or  "  Ourrent- 
mark,"  and  is  due  to  a  wavelike  motion  set  up  in  the 
semi-fluid  wet  sand  of  the  sea-bottom  by  currents  passing 
over  it.  A  shower  of  rain  slao  pits  over  the  sand  with  little 
hollows ;  and,  when  the  wet  ground  is  dried  by  the  sun, 
it  cracks  and  opens  into  smsJl  fissiires  ;  also  the  beach  is 
oUsa  thickly  stamped  over  with  burrows  and  coil-shaped 
ejections  of  worms  and  the  tracks  of  crustaceans  and  outer 
marine  H-nimala  Birds  and  wnimalti  frequenting  the  mar- 
gin of  water  also  leave  &eir  footprints  on  the  soft  beach. 
Similar  markings  are  formed  on  the  muddy  bottoms  of 
lakes,  when  the  water  has  sunk  below  its  usual  level 
through  long  drought. 
Bipplo-marks  and  some  of  the  itTiiTnn.1  tracks  can  be 
■  8ee  the  Qeahgj  of  the  South  vi.  21S ;  and  for  siomon,  oonlem- 
gtaffordBhire  Coalfield  (Uemoirt  poTtneonBwiUi  tbefonnationofa 
of  the  Oeological  Sarrey/,pp.  IS,  Mt  of  beds,  on  a  largor  scale, 
61;  Buddie,  TranaactioDa  Geo-  Quart.  Jonrn.  Oeologicu  Sooiotj, 
logital   Societ7,    Second  Berieo,      vol.  zrij,  p.  iij. 
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formed  under  water,  as  wall  as  on  spots  alternately  dry  and 
overflowed :  they  wiU  generally  bowerer  indicate  water  of 
no  great  depth,  because  the  ourrenta,  which  oaose  the 
fonner,  are  oommoner  and  more  powerful  in  shallow  than 
in  deep  water.* 

Bais-drope  and  sun-craokB  however  can  arise  on^  on 
eurfaoee  dry,  but  atill  soft  from  recent  submergenoe. 
They  may  occur  between  tidal  limits  ;  but,  when  we  find 
them  extending  over  an  area  too  broad  to  allow  this  to 
be  the  cose,  they  must  have  been  formed  in  inland  bodies 
of  water,  which  were  periodically  laid  dry  and  afterwards 
refilled. 

Whea  these  markinge  have  been  produced,  the  return  of 
the  water  often  spreads  over  them  a  layer  of  sand  or  mud, 
which  seals  them  up  and  preserves  them. 

All  these  markings  are  common  enough  on  the  surfaces 
of  beds  of  Sandstones  and  other  rocks  of  shallow  water 
formation :  and  on  the  under  surface  of  the  overlying  bed 
a  cast  appears  in  relief  of  the  patterns  on  the  bed  below. 

Summary  of  Chunctoristiofl  of  Shalloir  Water 
Dtpoaita. — The  deposits  then  formed  near  the  shore  or  in 
shallow  water  will  be  usually  ooarse  and  frequently  sandy : 
they  will  be  very  changeable  in  grain  and  composition,  and 
liable  to  thin  away  rapidly  in  wedge-shaped  forms  :  they 
will  be  current-  and  ripple-dnfted,  and  show  signs  of 
erosion  and  subsequent  filling  up  of  the  hollows  so  pro- 
duced ;  and  their  surfaces  will  be  ripple-marked,  eon- 
cracked,  pitted  with  rain-drops,  and  traversed  by  the  tracks 
of  aquatic  animals,  and  the  footprints  of  wading  birds 
and  coast-haunting  creatures. 

General  Cbaraotsr  of  Depovitti  of  flnelj  divided 
Katter. — On  the  other  hand  we  find  the  very  opposite 
chatactera  to  prevail  in  those  accumulations  of  fine  mud, 
the  material  of  which  can  be  swept  out  far  from  shore, 
which  sink  down  very  slowly,  and  only  reach  the  bottom 
after  prolonged  suspension.  Such  beds  will  be  uniform  in 
oompoaition  over  large  areas,  and  will  be  arranged  in  layers 
of  regular  thickness :  traces  of  current-bedding,  contempo- 
raneous erosion,  ripple-marks,  sun-cracks,  rain-drops,  and 
tracks  of  marine  animals  will  genially  be  wanting  in  them. 

No  better  instance  of  this  contrast  can  be  found  than  in 
the  Oolitic  rocks  of  England.    This  group  consists  in  the 

*  It  iailatedth&tripple-msrkt      — (IMaue.  lithologie  du  Fond 
h>ve  be«ii  detect«d  on  a  mudd^      des  Mirs,  p.  111), 
bottom  *t  k  depUi  of  1S8  nietr«i. 
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main  of  three  great  maraee  of  Clay  parted  br  thiok  bands  of 
Sandatone  and  sandy  Limestone.  Tlie  latter  are  very 
variable  in  oomposition  and  t^ckneee  from  place  to  place, 
and  thair  leeser  eubdivisions  often  thin  *^™y  altogether, 
and  then  after  a  space  set  in  again.  The  CIAtb,  on  the 
other  hand,  stretch  in  unbroken  belta  acrosa  tiie  island. 
Eren  Clay  beds  hcmevtn,  we  have  seen,  in  spite  of  their 
greater  constancy,  must,  like  all  mechanically  formed  de- 
posits, ocoae  to  an  end  somewhere ;  and  accordingly  the 
Clay  bands  of  the  Oolites,  strikingly  peraistsnt  as  they 
are,  are  not  absolntoly  invariable  in  thickness  and  compo- 
sition ;  they  have  all  one  or  more  spote  of  maximum  thick- 
nees,  and,  as  we  depart  from  those,  they  tail  away  gra- 
dually, and  in  some  oases  show  us,  by  becoming  sandy  and 
by  a  decrease  in  their  thickness,  that  we  are  approaching 
the  coast  line  of  the  old  sea  in  which  they  were  formed. 

Deposits,  which,  though  of  shallow  water  origin,  are 
produced  by  currents  too  feeble  to  carry  anything  but 
finely  divided  matter,  will  be  marked  by  regularity  of  bed- 
ding, but  may  show  ripple-marks  and  other  characteristics 
of  (more  formations. 

StmtifioBtion,  uid  Thtatnw  of  Bsdfl.— The  sab- 
division  of  these  regularly  bedded  deposits  into  layers, 
beds,   or  strata,   is  owing  to  pauses  m    the    supply  of/ 
sediment:  whenever  these  occur,  each  bed  has  tune  tof 
harden  a  little  before  the  bed  next  in  succession  is  laid  • 
down,  and  a  plane  of  division  between  the  two  is  foimed, ' 
Hence  we  see,  that,  if  the  supply  is  constant,  the  thickness  ' 
of  the  layers  will  depend  upon  tiie  lengths  of  the  intervals  ' 
between  suooessive  pauses.     If  the  supply  be  continuous,  a  t 
vast  thickness  may  be  aconmnlated  wi^oat  any  bedded 
structure  whatever ;  this  is  an  extreme  case  that  is  but  little 
likely  to  occur.    It  happens  however  not  unfrequently, 
that  the  intervals  of  interruption  are  so  short,  that  only  an 
imperfect  degree  of  bedding  can  be  established:  clays  de- 
posited under  these    drcumstanoee    otte/a    appear    quite 
devoid  of  stratifioation,  but  when  weathered  or  baked,  the 
bedded  stmcture  shows  itself.    On  the  other  hand,  where 
the  interruptiona  to  the  supply  of  sediment  reour  after  short 
interv^,  there  is  scarcely  any  limit  to  the  exoeeaive  thin- 
ness to  which  the  beds  may  be  reduced.     If  we  examine 
the  muddy  flats  that  fringe  large  tidsl  eetuariee,  we  shall 
find  them  covered  with  a  deposit  known  as  Wan),  a  tou^ 
day  which  readi^  splits  up  into  layers  no  thicker  than  a 
sheet  of  paper.    It  is  formed  in  tms  way.    At  eaoh  high 
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tide  tbe  fiat  is  flooded  b;  wat«r  charged  with  finely  divided 
mud  or  Band :  during  the  period  of  still  water  before  the 
turn  the  sediment  einks  down  and  is  spread  out  in  a  very 
thin  fihn  over  the  Burfaoe ;  and  each  film  go  formed  is  dried 
and  hardened  by  evaporation,  when  the  ground  is  laid  dry 
at  low  water,  before  another  film  is  laid  upon  it  by  the  next 
advance  of  the  tide. 

FftTAllsl  befewBm  Xodam  B«dd»d  Dcpodfai  utd 
Stratified  Bocki. — The  examples  we  have  ^ven  show 
that  d^toeitB  now  formino^  out  of  sediment  earned  by  run- 
ning streamfi  into  lurge  bodies  of  stUl  water  must  aecea- 
sanly  be  arranged  in  layers  or  beds.  We  have  already 
seen  that  a  bedded  arxangement  of  an  exactly  Bimilar 
character  is  met  with  almost  universally  in  one  large  class 
of  the  rocks  of  the  earth's  crust.  This  close  resemblance 
in  structure  is  ouo  good  reason  for  believing  that  the  con- 
clusion arrived  at  in  a  particular  instance  at  the  beginning 
of  Chapter  HI.,  is  true  generally  for  the  stratified  rocks  of 
the  earth's  crust ;  and  that  they  have  been  formed  by  exactly 
the  same  process  as  is  now  giving  rise  to  bedded  deposits. 
The  other  points  of  resemblance  between  the  two  are  so 
close  and  numerous,  that,  aa  one  after  the  other  presents 
itself  to  our  notice,  the  inference  gradually  gathers  strength, 
and  grows  into  poutlve  conviction,  that  an  explanation 
suppi^ted  by  such  a  body  of  evidence  must  be  correct. 


We  have  now  to  turn  our  attention  to  the  matter  brought 
down  by  running  water  in  solution. 

One  wav  in  which  this  dissolved  matter  is  extracted  and 
serves  to  form  deposits  is  by  precipitation. 

Any  solvent,  such  as  water,  can  dissolve  only  a  certain 
quantitrjr  of  the  substances  soluble  in  it.  If  by  any  means, 
such  aa  evaporation,  the  dissolving  agent  is  carried  away, 
the  proportion  of  dissolved  matter  increases,  and  the  solu- 
tion is  said  to  become  eonetntrated.  \Mien  this  has  gone 
on  tOl  the  solution  holds  as  much  aa  ever  the  solvent  can 
dissolve,  it  is  said  to  be  saturated.  If  more  of  the  solvent 
is  removed,  some  of  the  dissolved  matter  is  thron'n  down 
ot  precipitated.     Precipitation  is  brought  about  in  seversl 

lEaaiui  by  whieh  Frscipitatioii  is  brought  about. 

— A  substance,  like  Common  Salt,  soluble  in  pure  water, 
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CBQ  be  thrown  down  by  evaporation  alone.  If  water  is 
carried  away  by  ibis  meaiu  faster  than  it  ia  supplied,  the 
Bolution  grows  more  and  mors  concentrated,  becomes  at 
length  satumted,  and  then  precipitation  follows.  This  is 
now  taking  place  in  the  Cfreat  Salt  Lake  of  Utah ;  all 
around  this  water  there  are  the  traces  of  old  shore  lines 
that  show  it  was  once  much  larger  than  it  is  now,  it  is 
shiinking  because  evaporation  goes  on  faster  than  sup^y,  . 
andconBequentlyitis  saturated,  and  precipitation  iafornunff 
deposita  of  Bock  Bait  on  its  bed.* 

Again  there  are  matters  which  are  not  solnble  in 
pure  water,  but  which  can  be  dissolved  in  water  charged 
with  certain  subatancee.  In  such  cases,  if  the  solvent 
is  removed,  the  matter  dissolved  by  its  aid  is  precipitated. 
Water,  for  instance,  impregnated  with  Carbonic  Acid ' 
can  dissolve  Oorbouate  of  Lime ;  but  when  it  both  loses  t 
Carbonic  Acid  and  becomes  itself  reduced  in  bulk  by  I 
evaporation,  the  Carbonate  of  Lime  is  precipitated.  This 
process  goes  on  to  some  extent  with  every  spring  in  lime- 
stone districts,  and  very  largely  ia  the  case  <a  those  springs 
which  rise  from  a  considerable  depth.  While  shielded 
from  evaporation  daring  their  underground  course,  ther« 
is  QO  opportunity  for  precipitation  ;  but  directly  the  air  is 
gained,  or  the  pressure  is  in  any  way  lessened,  Carbonate 
of  Lime  is  thrown  down.  The  deposits  formed  in  this  way 
are  called  Travertin  or  Calcareous  Tufa,  and  the  springs 
from  which  they  arise  Petrifying,  or  more  correctly  l£- 
crusting.  Springs,  because  anyl£iiig  placed  in  them  is 
coated  over  with  Travertin.  This  is  aieo  the  origin  of  those 
long  bodies,  known  as  Stalactites,  which  hang  from  the 
roon  of  Limestone  oavems ;  of  the  lumps  of  Carbonate  of 
Lime,  called  Stalagmites,  which  rise  from  their  floor ;  and 
of  the  aheets  ctf  the  same  substance,  which  coat  their 
walls.  Stalactitee  may  be  often  seen  hanging  beneath 
bridges,  the  Carbonate  of  Lime  of  which  they  are  formed 
having  been  extracted  by  percolating  water  from  the 
mortar,  t 

Another  cause  of  precipitation  is  decrease  of  tempera-     . 
ture.    Thus  the  Geysers  of  Iceland  hold  in  solution  large    I 
quantities  of  Silica:  when  the  water  escapes  and  cools,    ' 
^lis  is  thrown  down  and  forms  a  rook  called  Siliceous 
Sinter.     Similar  phenomena  on  a  still  larger  scale  are  met 


■  Sir  W.  Dilke,  "Owat«rBrit4UD," 
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Among  the  rocks  of  the  earUi's  eruBt  there  are  aome 
which  have  evidently  been  formed  by  one  ot  uther  of  these 
methods  of  precipitation.  It  is  only  in  this  way  that  ws 
could  obtain  ^reat  beds  of  Eock  Salt,  euch  for  instance 
as  those  of  Chejhiie,  Saltzbur^,  and  Wieliczka. 

Some  Limestones  too  have  all  the  characters  of  Traver- 
tine, they  are  porous  and  still  friable  and  retain  traces 
of  plants,  shells,  and  other  remains,  which  have  been 
encrasted  by  depoeition  of  Carbonate  of  Lime  from  solu- 
tion. There  are  also  calcareous  beds  with  a  £nely  banded 
structure,  which  seems  to  have  been  given  them  by  the 
precipitation  of  veiy  thin  layers  of  Carbonate  of  Lime  one 
upon  the  other. 

The  same  structure  is  met  with  in  siliceous  deposits 
which  must  have  been  farmed  from  solution,  bota  on 
account  of  their  ereat  purity  and  also  because  th^  consist 
of  Silica  which  has  the  specific  eravity  and  other  cha- 
racters of  the  precipitated  foim  of  tnat  mineraL 

When  two  or  more  compound  eubetances  are  held  in 
solution  together,  chemical  reactions  often  take  place,  the 
compound  substances  are  decomposed  and  new  combina- 
tions  farmed  out  of  their  elements,  and  so  when  precipita- 
tion oomee  about,  the  bodies  thrown  down  are  ^together 
different  from  those  originally  dissolved.  Thus  mm  a 
saturated  solution  of  Carbonate  of  Lime  and  Sulphate  of 
Sf  agneaia,  the  substances  precipitated  may  be  Hagnesian 
Limestone  and  Oypaum  or  Sulphate  of  Lime.  Both  these 
rochs  enter  into  the  formation  of  the  earth's  crost,  and  it 
is  a  very  significant  fact  and  very  much  in  favour  of  their 
having  been  formed  by  some  euch  reaction  as  that  just 
described  that  they  are  constantly  found  together-f  We 
shall  return  to  this  subject  in  the  next  chapter. 

Conditioiw  ntowtmarj  for  Chcmiiial  Fc«cipitatio&. — 

(We  must  next  inquire  under  what  drcumstances  chemical 
precipitation,  such  as  we  have  described,  can  take  place. 
I    The  first  requisite  is  a  tattirated  solution.     Now  it  is  m  the 

•  K&tQre,ToI.Ti.  pp.SST,  487;  1863,   p.    fiTS.      It   is   howAvsr 

Reports  of  the  Uiuted  SimXea  OeoL  poanble  that,  in  soim  caaea  whme 

Survey  of  ths  Tenitories,  I87I|  Dolomite  and  Qypamn  occnx  to- 

p.  100,  1873,  pp.  G0~e7.  Rether,  the  flnt  may  bars  been 

t  Se«  St«TTy  Hunt,  Billimaa's  formed  by  the  altenttion  of  the 

Joton.,  2nd  tar.,  xxviii.  170,  SU ;  second :  See  BiMhora  ChemJoal 

0«cilogy  of  Canada,  fiepMt  Dp  to  Geology,  L  430. 
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bi^eat  degree  improbable,  wa  mi^t  ohnoet  sa;  impos- 
elUe,  that  the  waters  of  a  lai^  open  ocean  can  ever  bs 
eaturated  vith  the  substances  brought  down  into  tliem  by 
eolation.  IThe  amount  oairied  iu  this  way  is,  we  have  seen, 
Teiy  large,  and  while  water  and  whatever  it  holds  in  solution 
are  both  of  them  constaatlj  ponring  in,  the  former  alone 
is  removed  by  evaporation,  and  the  proportion  of  dissolved 
matter,  H  there  be  no  cause  which  extracts  and  remoree  it, 
is  constantly  on  the  increase.  But  on  the  other  hand  the 
bulk  of  the  water  through  which  this  dissolved  matter  is 
tb  be  distributed  is  enormons,  and  though  the  d^p-ee  of 
Goncenbratacm  most  inorsose  aa  time  goes  on,  a  very  long 
time  indeed  must  elapae  before  anyming  like  saturation 
can  be  arrived  at ;  and,  long  before  this  tune  has  gone  by, 
some  one  of  those  changes  in  physical  geography,  which 
are  always  going  on,  will  come  m  to  alter  me  drcom- 
stanoee  <^  the  caae.  But  it  is  altogether  different  with 
inland  bodies  of  water  of  moderate  size:  in  their  case 
Uiere  ia  the  same  machineiy  at  work  tending  to  produce 
oonoentratioii,  and  owing  to  the  much  sm&uer  mass  of 
water  acted  upon  saturation  will  be  reached  in  a  shorter 
time.  In  lakes,  which  have  an  outlet,  if  the  disdiarge  is 
sluggish,  the  evaporation  vigorous,  and  the  incoming 
streams  powerfully  charged,  a  state  of  saturation  moy 
ensue  and  Qhemi<»l  precipitatee  be  formed;  but  where 
there  is  no  outlet,  it  ia  evident  that  the  scdution  mutt  grow 
more  and  more  concentrated  till  this  takes  place. 

For  similar  leaaonA  all  dosed  bodies  of  water,  even  if 
originally  fresh,  must  become  salt  in  time,  because  their 
fevers  bring  in  water  plus  dissolved  matter,  and  evapora- 
tion incessantly  removes  the  first  and  leaves  the  second 
behind  to  accumulate.  The  Dead  Sea  for  instance  may 
have  faew  once  as  fresh  as  the  Lake  of  Tiberias :  we 
know  that  in  the  case  of  the  former  water  has  been  for  a 
long  time  back  drawn  off  by  evaporation  faster  than  it  is 
poured  in,  because  there  is  proof  that  the  lake  was  once 
muoh  bigger  than  it  is  now,  and  the  result  has  been  a 
oonoentration  of  dissolved  matter  in  it  till  its  present 
intense  saltness  was  arrived  at.  From  the  Lake  of 
Tiberias,  on  the  other  hand,  water  runs  out  as  fast  aa  it 
runs  in,  and  hence  it  remains  perfectly  fresh. 

Whenever  then  we  find  among  the  rocks  of  the  earth's 
crust  deposits,  like  Bock  Salt,  which  can  have  been  pro- 
duced only  by  precipitation,  we  have  proof  that  these ' 
deposits  were  formea  not  in  the  open  ocean,  but  in  inland  r 
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bodies  of  water,  and  tlie  probability  ia  vety  atrong  indeed 
tiiat  these  bodtee  bad  no  outlet. 

Chemically  formed  rocks  veiy  generally  poesees  a  crys- 
talline  §tructure  :  and  this  is  one  of  the  exceptiooa,  which 
the  student  was  told  to  expect,  to  the  generalisation  that 
bedded  rocks  are  non-ciysttuline. 


We  have  seen  how  extremely  improbable  it  is  tluft 
chemical  predpitatiDn  should  go  on  to  any  extent  in  the 
open  sea,  and  yet  there  ore  certain  eubatajtcea,  which  we 
iaiow  are  going  down  day  by  day  in  solution  into  the 
ocean,  of  which  scarcely  a  trace  can  be  found  in  its  waters. 
Of  these  Carbonate  of  Lime  furnishes  the  most  strikrog 
instance :  we  need  not  repeat  how  lai^ely  this  substance  is 
dissolved  and  how  steadily  it  is  supplied  ;  it  cannot  be  pre- 
cipitated, for  the  Corbonia  Add  in  sea  water  is  far  more 
than  sufficient  to  keep  in  solution  all  the  Carbonate  of 
Lime  it  receivee ;  in  spite  of  this  there  is  in  the  waters  of 
the  open  ocean  scarcely  a  trace  of  it  to  be  found  ;*  what 
then  becomes  of  it  ?  The  answer  is  that  it  is  extracted  itom 
the  sea  water  by  a  hoet  of  marine  anirnali^  to  form  the  stony 
framework  of  Qieir  bodies  and  the  hard  dwellings  in  whi^ 
they  live.  We  will  now  notice  wane  of  the  most  importent 
of  tiiese  creatures. 

ForatniTiifto*. — A  very  leading  part  in  the  process 
is  played  by  the  tiny  HninmlH  known  aa  Foranunifera. 
These  creatures  belong  to  the  Protozoa  or  lowest  sub-king- 
dom of  the  HTiimii.1  world,  and  consist  of  nothiiLg  but  a 
stmotureless  maas  of  liye  jelly:  some  of  them  Imve  the 
power  oi  extracting  Carbonate  of   Lime  from  the  water 


*  This  IB  well  brought  ont  by 
the  foUowing  uiolyaii  of  the 
vktei  of  the  Cljrde  abovs  Olia- 
R01T,   and  of    that   of  the    trixb 

Sak  at  tlu  Bi>liam&  Btmk  light- 

ddoiinA  . 

Snlphnrio  Acid  . 

Carbonia  AdJ  .        , 

Oaldum         .  ,        , 


ehip,  mtnate  in  lat  Si'  21'  N., 
Jong.  *=  11'  W.  (Thorpe,  Manual 
of  Jjiotguiic  ChemUtiy,  p.  142.) 
If  we  oidl  in  each  oaae  the 
amount  of  Chlorine  100,  we  get— 
SiTcr  Clyda.  Iriih  Set. 


IDS 
96 
877 


100 
14 


Bodium 


)  by  Google 


POKAUINIFSEA.  133 

and  bonding  up  out  of  it  shells,  often  of  the  most  beauti- 
fuUy  regular  Btructure,  and  in  some  cases  divided  into 
chambere.  They  have  been  found  in  vaat  numbeta  over 
those  deep  portions  of  the  bed  of  the  Atlantio,  vhich  are 
so  remote  from  land  that  little  mechanically  borne  aediment 
finds  its  vay  into  them,  and  here  the  cases  of  the  little 
creatures  fall,  after  the  death  of  their  inhabitants,  to  the 
bottom,  and  form  a  layer  of  mealy  calcareous  mud,  to 
which  the  name  Atlantic  or  Deep  Sea  Oozehaa  boon  given.* 

Now  if  Chalk  be  rubbed  down  with  a  brush  under  water 
and  the  resultinp*  powder  bo  examined  under  a  mieroscope,  . 
tbe  particles  will  be  found  to  be  almost  all  of  them  shells  ' 
of  fWuninifera,  soma  of  which  are  scarcely,  if  at  all,  dis-  ' 
tiuguishable  from  those  which  go  to  make  up  the  modem  f 
Atlantic  Ooze.  In  other  Limestones,  harder  and  more 
compact  than  Chalk,  similar  shells  occur  in  equal  abundance. 
All  such  rocks,  there  can  be  no  doubt,  whatever  be  their 
present  character,  have  been  once  nothing  more  than  accu- 
mulations of  Deep  Sea  Ooze. 

A  Foraminiferous  shell  of  lar^  size,  known  by  the 
name  of  Nummulite,  was  at  one  tune  extremely  abundant, 
and  immense  masses  of  Limestone  occur  in  many  parts  of 
the  world,  which  are  almost  whoUy  composed  of  individuals 
of  this  genus. 

Coral. — Another  class  of  animals,  a  litHe  higher  in  the 
scale  than  the  Foraminifera,  which  extract  Carbonate  of 
Lime  from  sea  water,  are  the  Coral-building  Polyps.  Borne 
of  these,  like  the  common  Bed  Coral  of  oommerce,  form 
only  detached  branching  structures ;  but  others,  of  which 
the  Brain  Coral  or  Madrepore  may  be  taken  as  a  type,  live 
together  in  great  bodies  and  build  up  immense  masses  of 
soud  rock-like  Coral.  It  is  with  these  latter,  which  axe 
called  Beef-buildere,  that  we  are  chiefly  concerned. 

Beef-building  Corals  require  water  of  a  temperature  not  i 
below  68°  F.,  tiioy  can  flourish  only  in  water  free  from  mud  i 
or  sediment,  and  some  of  them  seem  to  get  on  best  when  I 
they  are  exposed  to  the  constant  dash  of  £e  breakers ;  and  I 
they  cannot  live  at  a  greator  depth  than  about  15  fathoms.f  ' 

*  Hie Deptlu of  tbe Sea  (Ko-  bnildingCoraUcaniiotliveiimdet 

fenor   Wytille    TlumuonV  and  certain  oircnmit&ncei  then  tlier 

the  Tcfennoet  there  to  tbe  litera-  majr  be  able  to  live  below  Uui 

tore  of  the  labjecL  limit.       Dana   howevei     think* 

t  It  hu  been  sn^Mrtsd  that  that  temperatnTe  cannot  b«  tlie 

ntttre  is  the  main  caiiM  in  only  deteimining  oaiue  (Conli 

Qm  limit  belowwhiohzMf-  andCoial  Island*,  p.  IIB), 


)  by  Google 


134  oEOLoeT. 

Tbe  joiuig  genna  of  Coral  polype  are  free  Bwimming, 
and  we  will  now  consider  what  would  happen,  if  a  colony  of 
them  settled  down  and  developed  into  fixed  full-growD 
individuAlB,  on  a  BhalTing  ahore  where  the  above  oonoitiona 
ore  satisfied 

As  the  ftTiimaln  grew  and  multiplied  a  layer  of  Coral 
would  spread  over  the  eea  bed ;  and  as  tiie  individual 
polyps  inoiease  very  rapidly,  the  reef  would  grow  steadily 
upwards.  In  the  inunediate  neighbourhood  of  the  shore 
the  water  would  be  too  muddy  to  suit  the  Coral  builders ; 
here  then  no  Coral  would  be  formed,  and  the  reef  would  be 
separated  from  the  land  by  a  channel  of  water.  Whererer 
a  river  entered  the  sea,  the  mud  brought  down  by  it  would 
render  the  water  tminliabitable  by  the  Coral  builders  for 
some  considerable  distance  out  to  sea ;  hence  there  would 
be  gaps  in  the  reef  faoiug  the  mouth  of  eadi  rlrer.    Sea- 


Ilg.  Ifl. — SscnOK  AOOM  A.  PuKOina  Bmmt. 

wards  the  Coral  building  would  go  on  till  the  depth  was 
reached  below  which  the  builders  cannot  live,  and  there 
the  reef  would  end  in  a  steep  face.  The  reef  will  rise 
slightly  towards  the  sea,  because  the  builders  flourish  best 
and  grow  fastest  on  the  outside  edge  where  they  are 
ezpoeed  to  the  wash  of  the  breakers. 

Such  a  reef  as  this  is  called  a  Fringing  reef.  A  section 
through  it  would  have  somewhat  the  shape  shown  in 
Fig.  15,  where  AJ)  is  the  sea-level,  AS  C  the  channel 
be^een  the  reef  and  the  shore,  and  JBD£  the  reef  itself. 

Next  suppose  that  the  country  of  which  Fig.  15  is  a  sec- 
tion sinks  downwards  so  that  the  sea  level  rises  gradually 
to  the  positioiis  A,  Dj,  -4,  J)„  A,  D^  in  Fig.  16,  and 
let  the  rate  of  sinking  be  not  faster  than  the  i»te  at 
which  the  Coral  »T>TTina1a  csn  baOd  up  tlieir  reef.  Then 
th«  Cond  will  go  aa  growing  upwards   and  be  added 
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in  tier  above  tier,   such  aa  B  B^  i),  D,  S.  B,  B,  i>„ 
B.Bg  B.Bf.    No  growth  can  take  place  on  the  aeawanl 
aide  of  me  reef,  beoauBe  the  water  is  too  de€^ ;  snd  a  space 
between  it  and  the  laud  will  be  kept  free  from  Coral,  partly 
hj  the  muddiiieBS  of  the  water,  and  partly  by  the  scour  of 
the  current,  which  is  produced  by  tJie  waaiong  of  waves 
over  the  top  of  the  reef  and  the  escape  of  the  w&ter  through 
its  openings.     Thus  will  be  produced  a  mighly  wall  of 
Coral  rook,  separated  from  the  land  by  a  deep  and  broad 
channel,  and  bounded  on  the  seaward  side  by  e.  face  almost 
vertical  and  of  enormous  height.     Such  a  reef  is  called  a  : 
Barrier  reef.     There  is  such  a  reef  fronting  the  north-eaet  j 
coast  of  Australia,  1,250  miles  long,  from  10  to  9Q  miles  r 
broad,  and  with  a  sea  front  exceeding  in  scone  places  1,800  '■ 
feet  in  height :  tbe  diannel  between  it  and  the  sea  is  from ) 
20  to  70  miles  wide.     A  better  idea  of  its  size  than  mero 


Fig.  10.— SacTioN  AoaoM  &  fUauaa  Ehd. 

figures  will  give,  will  be  conveyed  by  the  oonsidOTation,  that 
such  a  reef  would  reach  from  the  Land's  End  along  the 
shores  of  the  British  Isles  up  to  and  beyond  Iceland. 

Barrier  reefs  are  breached  eveiy  now  and  then  by 
openings  and  these  aJwofftfaet  valleys  on  ihe  landjronting  the 
rttf.  They  are  in  fact  the  gaps  which  were  originally 
established  iu  the  earlier  form  of  the  Fringing  reef,  and 
have  been  kept  open  by  the  soour  of  the  tide  and  currents. 

One  more  form  of  Coral  reef,  by  far  the  most  singular 
of  all,  remains  to  be  described. 

Ima^^e  SJi  island  surrounded  by  a  Fringing  reef  to  be 
slowly  submewed,  so  that  the  Fringing  reef  becomes  con- 
verted into  a  Barrier  reef.  As  the  sinking  goes  on,  the 
amount  of  land  above  the  water  grows  less  and  less,  while 
the  encircling  girdle  of  Coral  keeps  growing  upwards.  At 
length  the  bst  peak  disappears  bdow  the  sea  level,  and 
thcro  romoins  only  a  ring  of  Coral  enclosing  a  lagoon. 
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Some  of  tbe  old  bieaclies  in  the  original  reef  bocaaionally 
remain  open  and  yield  an  entrance  from  the  open  eea  into 
the  lagcmn.  Such  reefs  are  called  Atolls  or  Ccval  lalanda : 
they  are  plentiful  in  the  Pacific  and  Indian  Oceans,  and  vary 
in  size  from  lees  than  a  mile  up  to  80  miles  in  their  lon^^est 
diameter. 

Fig.  17  is  a  diagrammatic  section  and  Fig.  18  a  view  of 
an  atoll. 

In  the  first  the  black  part  represents  the  original  island, 
^,  Dj,  A.  J)f,  A^  Dg  the  levels  of  the  sea  at  diJSereiit  times 
during  the  submergence,  and  the  successive  additions  of 
Coral  rock  are  denoted  in  the  same  way  as  in  Fig.  16. 

The  shape  of  the  encircling  Coral  belt  depends  of  course 
on  that  of^e  land  on  which  it  ia  based,  and  hence  atolls  are 
annular,  triangular,  many-sided,  and  even  of  more  com- 
plicated forms.    The  openings  into  the  lagoon  are  often 


Fig.  IT. — SECnoH  ACKou  m  Atoli, 
closed,  and  the  lagoon,  itself  filled  np  by  Coral  growth  or 
accumulations  of  fragments,  powder,  or  mud  vOm  off  the 
reef  and  driven  inwMds  by  the  breakers. 

The  sketches  in  Figs.  15 — 17  are  mere  diagrams,  and 
do  not  show  either  the  details  or  the  true  proportions  of  a 
barrier  reef  or  atoll :  these  wiU  be  leamed  &om  Fig.  19, 
which  is  a  section  more  nearly  to  scale  across  the  rim  of  a 
reef. 

a  i  is  a  platform  nearly  at  low-tide  level,  called  by  Dana 
the  shore  platform,  almost  fiat,  but  rising  slightly  towards 
the  seaward  edge.  Towards  tiie  open  ocean  the  water  for 
from  100  to  500  yards  (<i  to  m)  deepens  slowly,  and  thwe  is 
then  an  abrupt  descent  at  angles  varying  from  40°  up  to 
absolute  verticality.  At  I  there  is  a  sharp  rise  of  from  six 
to  eight  feet,  which  brings  us  on  the  portion  of  the  reef  (i  e) 
which  is  permanently  above  water ;  ediaA  gently  slopiqg 
beach  boraering  the  lagoon  or  inner  channel;  and  from  a 
the  surface  passes  down,  gently  at  first  and  then  more 
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Bteepl7,  beneath  the  waters  of  the  latter.  Ovet  a  m  there 
are  raiiouB  Coial  growths  gcAag  on,  which  will  be  more 
specially  notioed  ahortl;. 

Ooral  reefs  are  oompoBed  of  pure  Carbonate  of  Lime,  and 
therefore  the  Coral  builders  provide  the  materiab  for  the 
formation  of  limestone  in  plentiful  abuudanoe.  In  some 
oasea  theee  maasea  are  preserved  and  form  rooks  in  their 
original  reef-like  form.  If  a  shelving  beach,  on  which 
{ringing  reefs  are  growing,  be  slowly  upheaved,  the  Coral 
raised  out  of  the  water  will  die ;  but  on  the  seaward  side 
of  t^e  reef  a  fresh  belt  of  water  will  be  rendered  shallow 
enough  for  the  Coral  builders  to  live  in  it,  and  the  reef  will 
continue  to  grow  outwards.  This  has  taken  place  on  the 
peninsula  of  Florida,  which  shows  ranks  of  C<ffal  reef,  one 
within  the  other,  raised  successively  by  gradual  upheaval. 

Again  curious  atructurea  are  often  produced  by  the 
growth  of  detached  masses  of  Coral  in  regions  of  shallow 
water  outaide  a  reef  or  in  the  lagoon  or  channel  within. 
Such  are  shown  in  Fig.  19,  rising  in  slender  pillars  almost 
up  to  the  Burface  of  t£e  water,  when  they  spread  out  into 
huge  tabular  maseee.  Sometimes  the  heads  join  together 
and  Bo  endose  large  cavemoua  receases.  The  cavities 
between  theee  branching  massee  graduallT  get  filled  in 
with  debris  worn  by  the  breakere  off  the  reef,  and  the  whole 
becomes  cemented  by  the  percolation  and  evaporation  of 
water  holding  Carbonate  of  Lime  in  solution  into  an 
extremely  hard  and  sohd  rook.* 

We  find  oocaelonaUy  among  the  older  rocks  of  the 
earth's  crust  maasee  of  Limestone,  which  are  more  or 
lees  made  up  of  Corai  reefs  scarcely  altered  at  all  in  struc- 
ture and  form  from  the  condition  in  which  they  grew ;  and 


of  shells,  fish,  and  other  marine  anJmale  that  lived  in  the 
water  where  they  grew. 

But  Coral  reefs  are  inceesantly  exposed  to  the  severest 
form  of  marine  denudation ;  the  beating  of  the  breakers  on 
their  seaward  face  tears  off  and  hurls  on  to  the  top  of  the 
reef  huge  maaees  of  Coral,  ajid  some  of  theae  are  there 
rolled  about  and  ground  down  into  calcareous  powder. 
Some  of  this  coninunuted  matter  is  thrown  on  shore,  and 
there  cemented  by  water  holding  Carbonate  of  Lime  in 
solution  into  a  hard  rock.  Here  is  an  instance.  "  The 
beach  of  this  island  (Heron  Island)  was  steep,  about  20 

•  Dana,  Condi  and  Cond  IiloiuU,  pp.  111—141. 
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feet  higli  at  low  water,  and 
Gompoaed  partly  of  sand  and 
paruy  of  Btone.  The  Band 
was  very  coarae,  composed 
wholly  of  large  grains  and 
HioaU  angular  pieces  of  bro- 
ken and  comminuted  eheUs 
end  corals,  with  some  large 
worn  frf^meuts  of  both  inter- 
mixed. The  stone  was  of  pre- 
cisely the  same  material,  out 

very  hard ;  dark  brown  ezter-   , 

nally,  but  still  white  inside. 
It  Bometimes  required  two  or 
three  sharp  blows  with  a  ham- 
mer to  brmk  off  eren  a  comer 
of  it.      Its  surface  was  erery- 

where   rough,  honeyoomboo,    • 

and  oneren;  the  Iwds  were 
from  one  to  two  feet  in  thiok- 
nees,  with  occasionally  in  die 
fine-g^rtuned  parts  a  tendeni^ 
to  split  into  flags  or  alabs. 
It  was  perfectly  jointed  l^ 
rather  zigzag  joints  crossing  ^^••■ 
each  other  at  right  anglee, 
and  spUttiug  the  lock  into 
quadrangular  blocks  of  from 
one  to  two  feet  in  the  side. 
As  (ar  as  external  appearance 
and  character  went,  it  might 
have  been  taken  for  any  old 
roughly  stratified  rock."  * 

lliese  formations  of  beach 
Limestone  often  possess  the  ■.-- 
stmcture  which  will  shorty  be 
described  aa  Oolitic.  Very 
dosely  grained,  compact  Lime- 
stones are  also  formed  by  the 
cementins;  together  of  the 
more  fin^  oomminuted  Onral 
debris. 

The  wind  uda  the  waves   ■-' 
in    the    work  of    supplying 

*  Jnkis,   EMtam   AicUpsUgo, 
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materialfi  for  bea^h  formations,  carrying  &e  finer  debriB  on 
to  the  permaneatly  dry  part  of  the  reat,  where  it  becomes 
cemented  into  rock. 

But  a  vety  large  part  of  the  debris  of  Coral  reefs  is  swept 
out  to  sea,  and,  mixed  with  sediment  carried  down  from 
the  land,  gives  rise  to  deposits  of  sandy  or  earthy  limestone. 
There  is  stuff  enough  m  the  Barrier  reef  of  Australia  to 
cover  tho  whole  bed  of  the  Atlantic  to  a  depth  of  two  feet 
or  BO,  BO  that  the  degradation  of  this  reef  alone  would 
furnish  the  materials  for  an  enormous  bed  of  Limestone,* 

Other  Ximsatone-seoratiDK  Aitiiaala. — There  are 
other  limestone -seer  etiBg  animals  besides  those  mentioned, 
whose  hard  parts  serve  to  make  up  beds  of  that  rock. 
Thus  some  limestones  are  composed  of  little  else  but  the 
joints  and  columns  of  8ea-IiJiee  or  Enorinitee;  when 
polished  these  form  a  coarse  marble  and  are  largely  used 
(or  mantelpieces :  in  other  cases  Oyster  banks  or  accumula- 
tions of  the  shells  of  other  mollusca  are  compacted  into 


Cei-tain  seaweeds  too,  such  as  the  Corallines,  secrete  Car- 
bonate of  Lime  about  their  tissues,  and  these  grow  so  abun- 
dantly on  some  coasts,  that,  when  broken  up  and  accumu- 
lated along  the  shore,  they  make  thick  calcareous  deposits. 

Origin  of  pnrfl  Zdmflstoaes  and  Infsranca  &om 
their  presance. — One  most  important  generalisation  can 
be  drawn  from  the  facte  we  have  been  just  considering. 
Oreat  masses  of  marine  limestone  are  formed  by  the  inter- 
mediate agency  of  animals,  ajid,  as  far  aa  we  know,  they 
eon  he  formed  m  no  other  tray.  If  therefore  among  the  rocks 
of  the  earth's  crust  we  find  such  masses  of  limestone,  they 
are  in  themsehee  a  proof  of  the  exiitenee  of  animal  life  on  the 
earth  at  the  time  of  their  formation,  even  though  actual  remaini 
of  animals  may  no  longer  he  recognitahle  in  them. 

Flaofl  of  Limeatona  In  Ui«  Soa  Bad. — Ab  a  rule  too 
limestone-secreting  EUjimals  can  flourish  only  in  pure  water 
free  from  sediment :  the  formation  of  organic  limestone  on  a 
large  teale  eon  thtrefon  go  on  only  at  ^te  eo  far  remote  from 
land  that  no  mechanically  carried  sediment  findt  its  way  to  thtm. 
Just  in  the  same  way  therefore  as  sandy  and  pebbly  depoeits 
point  to  shallow  water  and  the  neighbourhood  of  lantC  and 

■  Our  bnowledee  of  the  metliod      the  nibject  origiiuillr  jpnbluhed 


of  the  ^owth  of  Coral  Reofs  ii  in  tbs  Qeolo^'  of  thevoyage  ol 

due  to  D&rwin,  and  the  rwder  Om  StagU.ttailaitljmpiintedit 

■honld  fill  in  tho  above  sketch  by  a  lepanto  Tolome. 
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finely  laminated  muddy  beds  to  a  portion  of  the  sea-bottom 
rather  further  from  ^e  shore,  so  great  bodies  of  pure 
marine  limeetone  show,  that  the  spot  wh^e  they  occur  was,  . 
at  the  time  of  their  fonnation,  far  out  at  sea  and  frequently  || 
that  it  was  in  deep  water. 

*"<""'^ti  and  Plant*  sscratiug  Silica. — Silica  is 
another  substance  largely  carried  away  in  solution  and  re- 
covered by  orffonio  agency. 

X>iatonia  and  some  creatures  allied  to  Foraminif  era  (Poly- 
oyatinfe)  form  in  this  way  siliceous  shells,  and  the  spicu^ 
and  framework  of  many  sponges  are  composed  of  the  same 
materiaL  The  oases  and  hard  parts  of  such  creaturos 
accumulate  on  the  sea-bottom  after  the  death  of  their  owners, 
and  furnish  materials  for  siliceous  deposits  of  organic  origin. 
In  some  cas^  a  sea-bed  seems  to  have  been  peopled  almost 
exclusively  by  tiny  silica-coated  creatures,  and  in  these 
oases  their  shells  form  beds  of  siliceous  rock.  Tripoli  or 
Polishing  Slato  is  the  beet  known  instance. 

In  other  cases  the  HniinHla  vith  siliceous  coats  live  along- 
cdde  calcareous  Foraminifera,  forming  however  only  a 
minorily  of  the  inhabitants  of  the  sea-bottom.  The  rocks, 
which  have  been  produced  under  these  droumstances,  do 
not  in  many  cases  contain,  as  might  be  expected.  Silica 
disseminated  throughout  their  whole  bulk ;  aa  a  rule,  Silica 
is  present  to  a  oompamtiTely  small  extent  in  the  body  of 
Hie  rock,  and  occurs  chiefly  in  lumps  and  nodules.  FUnts 
in  Ohalk  will  occur  to  every  one  as  an  instance  of  this,  and 
aiiinilii.1-  siliceouB  nodules  are  found  almost  universally  in 
oi^anio  limestones.  We  can  only  say  in  this  case,  that  the 
Silica,  which  must  have  once  pervaded  the  whole  rock,  has 
been  separated  out  and  gathered  together  into  nodules ;  how 
this  was  done  we  cannot  at  present  explain.  The  name 
Concretionarjr  Action  is  given  to  the  process,  which  will  b« 
touched  on  again  by-and-by. 

Had  Clay  of  the  Atlantic. — There  are  some  deposits, 
apparently  differing  in  their  origin  from  any  yet  described, 
which  the  soundings  of  the  VhalUngtr  ^pedition  have 
shown  are  now  in  process  of  formation  over  the  very 
deepest  parts  of  the  bed  of  tbe  ocean.  The  general  results 
of  these  explorations  of  the  sea-bottom  are,  as  far  as  they 
have  been  at  present  made  public,  as  follows. 

The  Atlantic  or  Globigerina  Ooze  covers,  as  has  been 
already  mentioned,  very  extensive  tracts  ;  down  to  a  depth 
of  two  thousand  fathoms  the  shells  retain  nearly  all  their 
Carbonate  of  Lime,  and  the  deposit  is  essentially  oalcare- 
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oub;  b^und  that  depth  this  calcareous  slime  gradually 
becomes  mora  and  moro  dayey,  and  passes  into  a  deposit 
to  wioiih  the  exploreiB  have  giyen  ths  name  of  Grey  Oose. 
In  the  Gt^  Ooce  the  shells  of  the  Foramioifera  can  stil] 
be  detected,  but  they  have  lost  much  of  their  sharpness  of 
outline,  assume  a  kind  of  rotten  look  and  a  brownish 
colour,  and  become  mixed  with  a  £ne  amorphoos  red- 
brown  powder.  As  the  depth  increases  the  proportioi]  ot 
this  powder  grows  larger  and  larger,  the  traces  of  cal- 
careous matter  dearease  and  at  last  disappear  altogether, 
and  the  deposit  assumes  the  form  of  a  red  day  in  the 
finest  possible  state  of  subdivision.  The  red  day  is  found 
to  be  a  silicate  of  alumina  and  iron. 

The  great  value  of  this  discovery  from  a  geological  point 
of  view  is  this.  We  should  be  inolined  at  first  sight  to 
think,  that  this  red  mud  is,  like  the  clayey  depoBits  we 
have  hitherto  been  dealing  with,  of  mechanical  origin ; 
and  that  it  is  found  only  at  great  depths  and  far  &om 
land,  because,  being  very  fine,  it  took  a  very  long  time  to 
aettle  down ;  that  it  is  in  fact  the  impalpable  residue  of 
liver-bome  sediment  which  remained  in  suspension  aft«r 
the  ooaraer  part  had  sunk  to  the  bottom.  But  a  very  little 
oonsideration  will  show  ua  that  such  an  explanation  will 
not  fit  in  with  the  facts  of  the  case.  If  this  were  the  origin 
of  the  red  day,  we  ought  to  be  able  to  trace  a  connection 
between  it  and  the  land  by  whose  wear  and  tear  the 
materials  for  it  were  furnished ;  we  ought  to  be  able  to 
follow  it,  growing  gradually  coarser  and  coarser,  up  to  the 
rivers  that  brought  these  materials  into  the  ocean.  But 
no  auoh  connection  exists ;  the  red  mud  occurs  only  over 
the  deepest  parts  of  the  sea-bed,  and  between  it  and  the 
land  there  be  broad  tracts  covered  with  Olobigerina  Ooze, 
and  absolutely  free  from  any  trace  of  mechanical  deposit 
whatever.  Its  isolation  therefore  proves  that  it  dia  not 
come  from  land,  and  it  must  have  arisen  in  some  way  or 
other  on  the  areas  to  which  it  is  confined.  How  it  was 
formed  is  still  far  from  settled ;  the  passage  from  Qlobi- 
gerina  Ooze  through  Qrey  Ooze  into  the  Bed  Clay  is  so 
msensible,  that  it  seems  highly  likely  that  the  two  last 
have  been  formed  out  of  the  first  by  the  gradual  removal 
of  its  carbonate  of  lime,  and  Professor  Wyville  Thomson 
suggests  this  may  have  been  brought  about  in  the  follow- 
ing nianner.  He  believes  that  the  Olobigerina  live  on  the 
smnace,  and  that  when  they  die  their  shells  sink  slowly  to 
the  bottom ;   as  they  pass  downwards  the  carbonate  of 
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lime  is  diesolved  out  b;  the  aid  of  the  carbonic  add  con- 
tained in  the  sea-vater;  the  neater  the  depth  through 
vMoh  ther  mhk,  the  Ioiimt  ynH  thej  be  exposed  to  tnis 
action,  and  the  more  compete  will  be  the  extraction  of  the 
carbonate  of  lime;  if  uie  depth  be  great  enough,  the 
carbonate  of  lime  will  be  entirely  taken  away,  and  there 
mil  remain  only  the  earthy  insoluble  portion  of  the  shell, 
and  this  he  thinks  la  the  material  of  which  the  red  day  is 
compoeed.  Whether  his  explanation  be  correct  or  not,  the 
red  day  is  there,  it  is  not  a  product  of  deaudatloD,  and  it 
is  in  some  way  or  other  connected  with  the  oi^anic  depoeits 
of  the  Qlobigerina  Ooie,  and  we  have  team^  that  dayey 
rocka  may  be  formed  by  organic  agency  in  the  most  remote 
and  the  deepest  parts  of  the  ocean.  Frofeesor  Thomson 
points  out  the  possibihty  of  some  fine  homogeneous  dayey 
rocka  of  the  earth's  crust  having  been  formed  by  methods 
similar  to  that  which  is  now  producing  the  red  ofay.* 

SECTION  rv.— TEKBESTRIAL  DEPOSITa 

We  have  now  dealt  with  that  portion  of  the  waate  of 
denudation,  by  far  the  larger  part,  which  is  carried  down 
into  bodies  of  still  water,  and  have  described  the  diffeient 
ways  in  which  it  becomes  arranged  in  bedded  deposits. 

A  certain  portion  however  of  denuded  matters  is  a  long 
time  in  makmg  its  journey,  and  often  tarries  on  its  way, 
forming  aooumulations  on  dry  land  distinguished  as  Terres- 
trial. 

The  Terrestrial  deposits  of  the  present  day  aie  far  from 
being  insignificant ;  and  now  that  we  have  found  so  many 
rocks  that  bear  a  dose  resemblance  to  denuded  matters 
which  have  been  arranged  under  water,  the  question 
naturally  suggests  itself,  whether  there  are  any  rooks 
approaching  in  the  same  way  the  aooumulations  of  the 
[ffoducts  of  denudation  on  diy  land. 

We  cannot  reasonably  expect  to  find  among  the  rocks 
of  the  earth's  crust  many  whidk  oonespond  to  the 
Terreetrial  deposits  now  going  on.  These  accumulataona 
are  so  liable  to  be  broken  up  and  carried  awa^  by  a  con- 
tinuance of  the  denuding  prooeeaes  whidi  gave  nee  to  them, 

*  8MKatiiie,xL9S,  US;  ziL  IS76,'iD  which  p^per  the  reader 

174.      Also   Ptotemot    Hnxlsy,  will  find  an  admirabla  iQininaiy 

"  On  wme  of  tho  Besnltt  of  th«  of  what  ii  known  on  the  mbject 
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tliat  it  is  onl;  aa  it  were  bv  some  }iappy  amdent  that  t&ey 
BUTTive  Bt  all  the  wear  ana  tearwHch  tte  surface  b  always 
i^dergoini',  and,  when  they  da  manage  to  escape  total 
deBtmddon,  aa  a  rule  only  fragmenta  of  fliem  are  preserved. 
But  we  oan  imagine,  that,  if  ground  is  let  down  very  gently 
beneath,  water,  the  loose  matters  lying  on  its  surface  may 
become  submerged  without  being  destroyed,  may  be  covered 
up  by  subaqueous  deposits,  and  may  be  handed  down  as 
Qie  relics  'of  a  land  surface' that  has  long  passed  away. 

Soil  and  Xlaia-inwli. — Under  the  present  head  come 
the  deposits  of  rain-wash  described  in  the  last  chapter,  and 
the  surface  soil  fonned  partly  by  the  breaking  up  of  the 
underlying  rock  and  partly  by  the  decomposition  of  vege- 
table matter. 

The  remains  of  old  soila,  still  penetrated  by  the  roots  of 
plantfi  tiiat  grew  in  them,  and  wiOi  the  stools,  and  occasion- 
ally the  trunks,  of  trees  in  the  position  in  which  they  grew, 
are  now  and  then  found  among  solid  rocks.  One  of  the 
best  known  cases  is  the  "  Dirt  Bed  "  of  the  Island  of  Port- 
land and  the  adioining  coast,  a  section  of  which  is  given  in 
Fig.  20.  The  lowest  beda  (1)  are  Limestones  proved  by 
their  fossils  to  have  been  formed  beneath  the  eea ;  on  these 
there  rests  a  thin  band  (2)  of  dark  earth,  full  of  angular 
fragments  of  the  underl^g  Limestone  and  containing  the 
stools  of  large  plants  allied  to  the  modern  Cycas,  with  here 
and  there  prostrate  trunks  of  trees  r  above  this  come  other 
Limestones  (3),  containing  fossUe  which  show  them  to  be 
of  estuarine  origin.  The  surface  is  formed  by  a  "brashy" 
or  stony  soil  (4),  composed  partly  of  dark  vegetable  matter 
and  pMtly  of  fragments  of  the  rock  (3).  Now  even  if  the 
plants  in  the  band  (2)  did  not  deartv  bespeak  its  origin,  we 
could  not  fail  to  be  struck  by  the  cloae  resemblance  which 
it  bears  to  the  present  surface  soil  (4).  There  is  no  rounded 
or  foreign  stone  in  it,  all  the  fra^enta  are  of  the  rock 
immediately  beneath,  it  is  as  true  a  "  brash  "  as  the  loose 
matter  at  the  top  of  the  section ;  and  the  dark  earth,  in 
which  the  stones  are  embedded,  is  unmistakably  vegetable 
soil.  The  roots  of  the  plants,  though  their  evidence  is 
scarcely  needed,  furnish  additional  proof  that  we  have  here 
an  old  land  surface ;  that  before  the  deposition  of  the  beds 
(3)  the  lower  limestones  had  been  raised  into  the  air  and 
supported  vegetable  growth ;  that  partly  by  the  decay  of 
plants  and  partly  by  the  atmospheric  breaHng  up  of  the 
rock  the  band  (2)  was  formed ;  that  the  whole  was  then 
sunk  beneath  water  in  which  the  rocks  (3)  accumulated,  and 
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that  the  aubmet^noe  w&a  so  gestle  that  the  loose  surface 
ooverinf;  was  not  swept  away.  The  lower  portion  of  the 
beds  (3)  will  be  observed  to  be  bent  up  over  one  of  the 
stoob,  which  projects  above  the  surf aee  of  tfco  "  Dirt  Bed." 
Occasionally  two  dirt  beds  are  seen  in  the  section,  showing 
that  the  process  happened  twice  over. 

We  shall  notice  still  more  etriking  instances  of  the  pre- 
servation of  old  vegietable  soils,  when  we  come  to  consider 
the  formation  of  Coal. 

In  some  cases  old  soils  have  been  sealed  up  and  preserved 
by  sheets  of  lava  that  have  flowed  over  them.  Thus  in 
Madeira  8ir  G.  Lvell  has  described  red  partings  of  laterite 
or  red  oohreous  otay  between  sheets  of  basalt.  "  These  red 
bands  vary  in  thickness  from  a  few  inches  to  two  or  three 
feet,  and  consist  sometimes  of  layers  of  tufi,  sometimes  of 
ancient  soils  derived  from  decomposed  lava,  both  of  them 
burnt  to  a  brick-rod  colour,  and  altered  by  the  contact  of 
melted  matter  which  has  flowed  over  them."*  Similar 
intercalations  of  red  earth,  which  also  probably  represent 
old  land  surfaces,  occur  among  the  basalts  of  the  nomt-east 
of  Ireland  and  of  the  western  islands  of  Scotland.  They 
consist  of  bands  of  clay  and  earth,  usually  only  a  few  inches 
in  thickness,  of  a  bright  red  colour,  and  appear  to  be  beds 
of  soil  formed  by  the  weathering  of  the  surface  of  one  lava 
stream,  which  were  afterwards  burnt  to  their  present  colour 
when  they  were  overwhelmed  by  the  next  sheet  of  lava. 
Accumulations  of  vegetable  matter,  sometimes  converted 
into  charcoal  and  sometimes  forming  Lignite  or  Coal,  are 
also  met  witb  in  similar  positions,  and  these  may  occasion- 
ally be  observed  to  rest  on  a  soil,  in  which  the  roots  of  the 
plants  can  stiU  be  detected,  t 

SOTMI. — ^At  the  foot  of  cliffs,  both  inland  and  on  the  sea 
coast,  and  on  steep  rocb^  hillsides,  fragments  of  disinte- 
grated rock  accumulate  in  great  pilee  of  angular  blocks, 
which  ore  known  as  ScrtM.  These  are  sometimes  rolled  by 
the  waves  and  spread  out  in  sheets  of  ooarse  shingly  Con- 
glomerate ;  sometimes  they  are  covered  up  pretty  much  as 
uiey  lie  and  pve  rise  to  breodafl. 

A  capital  instance  erf  a  deposit  which  has  arisen  in  this 
way  is  furnished  by  the  Dolomitic  Conglomerate  of  the 
south-west  of  England,  the  nature  of  which  is  shown  on 
the  section  in  Fig.  21. 

The  country  crossed  by  the  section  is  a  plain  of  red  Clays 
and  Sandstones  (e)  in  which  there  stand  up  eveiy  here  and 
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there  isolated  ^jUb  of  hard  Lime- 
8tone(o).  Every  one  of  theee  hilla 
is  fringed  by  a  bank  of  coarse 
Conglomerate  and  Breccia  (i), 
made  up  of  rounded  boulders, 
pebbles,  and  angular  blocks  of 
the  limestone  (a) ;  in  each  case 
the  Conglomerate  is  thickest  in 
the  immediate  neighbourhood  of 
the  Limestone  hilTwhich  it  sur- 
rounds, grows  thinner  as  we 
recede  from  that  hill,  and  at 
length  wholly  disappears. 

Tlie  Couglomeratee  and  Clays 
are  interbedded  in  such  a  way 
that  it  is  evident  that  the  for- 
mation of  the  two  must  have 
gone  on  together,  and  the  steps 
of  the  process  must  have  been 
aa  follows.  The  country  was  at 
one  time  covered  by  a  broad 
sheet  of  water,  in  the  middle  of 
which  bosses  of  the  Limestone 
(a)  stood  up  as  islands.  Into 
this  water  rivers  carried  down 
red  mud  and  sand,  which  fur- 
nished the  materials  for  the  beds 
{e).  On  the  exposed  surfaces  of 
the  islands  eubaerial  waste  gave  j,  ~ 
rise  to  an  accumulation  of  Screes, 
at  the  same  time  that  the  red 
beds  were  being  regularly  laid 
down  in  the  surrounding  water. 
After  a  time  the  land  sank,  and 
the  water  encroached  over  a  por- 
tion of  what  had  previously  been 
dry  land;  the  submerged  part 
of  the  Screes  became  thus  co- 
vered up  by  layers  of  red  beds, 
and  appeared  as  a  wedge-shaped  '•  ~ 
mass  of  Conglomerate  inter- 
stratified  with  the  latter.  By 
a  repetition  of  this  process  the 
successive  alternations  of  red 
Clay  and  Conglomerate  were  pro- 
duced.  Bound  the  margin  of  the 
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islanda  it  would  ttko  happen  that  the  waves  would  pla;  upon 
the  acGumulAtionB  of  debm,  round  its  frannenta  into  peb- 


blee,  and  spread  them  out  in  layers  of  elmieW  Conglomerate 
among  the  more  quietly  depoaited  strata  of  Clay,  The  sub- 
aerial  cbaiocter  of  these  Breccias  is  borne  out  by  the  fact  that 


th^  contain  the  boaee  of  two  genera  of  terreetrial  reptiles.  *- 
There  are  some  curious  brecciated  deposits  among  the 
Permian  rocks  of  Cumberland  and  Westmoreland,  known 
by  the  name  of  "Brockrams"  and  "Grab  Sock,"  some  of 
which  seem  to  be  old  Screee.f 

Blown  Suid. — Another  very  common  form  of  terrestrial 
accumulations  is  that  of  Blown  Sand.  In  many  cases  we 
find  the  seashore  fringed  by  a  belt,  often  of  considerable 
breadth,  of  hillocks  or  Dunes  of  Sand,  which  has  been 
dried  by  the  wind  and  blown  inland  &om  the  beach. 
Similar  piling  up  of  sand  goes  on  in  large  deserts  and  other 
sandy  tracts  of  me  earth's  surface.  These  sandy  accumula- 
tions often  show,  when  cut  into,  rude  bedding,  and  the 
action  of  the  wind  produces  in  them  structures  exactly 
analogous  to  the  current-bedding  and  ripple-drift  of 
subaqueous  sandstones.  In  some  cases  the  sand  b  mixed 
with  broken  shells,  and  water,  percolating  through  the 
mass,  dissolves  out  their  Carbonate  of  Lime  and  redeposits  it 
as  a  cement,  so  that  a  hard  calcaareous  Sandstone  is  Pro- 
duced. Should  any  of  these  accumulations  of  Blown  ^and 
be  preserved  in  the  manner  juat  described,  it  would  be 
slmOBt  impossible  to  distdnguish  them  from  Sandstones 
Formed  beneath  water,  unless  they  happened  to  contain  land 
shells  or  land  plants  in  the  position  in  which  they  grew. 
It  is  therefore  possible  that  some  of  the  sandstones  of  the 
earth's  crust  may  have  been  originally  Blown  Sand. 

Booka  of  Ta^stabla  Origin. — Ferhaps  the  most  im- 
portant of  terrestrial  deposits  are  those  of  vegetable  origin. 
There  ore  plants,  such  as  the  peat  mosses,  which  in  cold 
temperate  dimates  form  in  swampy  situations  and  hollows 
broad  and  thick  sheets  of  vegetaole  matter  known  as  peat 
mosses.  When  the  lowerports  die,  the  upper  surface  Uvea 
on  and  grows  upwards,  and  the  sheet  of  vegetable  matter 
continues  to  increase  in  thickness.^      The  peat  bogs  of  our 

■  De  U  Beche,  Honoin  of  Uis  t  Qnut  Joan.  Q«oL  Soc,  xz. 

G«al.  SuTvav  of  Great  Bntain,  14S,  192.    Tor  uioUier  case,  Ne 

i.  210;   Gsologicsil   ObserTer.  p.  Jadd,  ttnait.  3  aura.  OeoL  Soc., 

BiO  ;   Stheridge,    Quart.   Jonin.  zu.  281,  Fig.  9,  and  2S6, 

Oiyil.    Soc.,  zitL  17*1  HnxJey,  J  3.  G«ibie,  Tnn&acts.  Royal 

Ibid.,  42.  Boo.  of  Edinburgh,  xxiv.  3A3. 
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own  iaUnda  and  the  Great  Diemal  STramp  of  Virginia  are 
v^-known  instances  of  these  vegetahle  ac«umi3atione.* 
We  must  sow  explain  how  such  layers  of  dead  planta  have 
given  rise  to  iDcks. 

Coal. — We  can  readilT  imagine  an  accumulation  of  dead 
land  plants,  like  a  peat  bc^,  being  let  down  gently  beneath 
water,  covered  up  by  deposits  of  Bediment,  and  preeerved  in 
the  middle  of  a  mass  of  bedded  sand  and  mad.  This  is  now 
admitted  to  have  been  the  origin  of  beds  of  Coal,  the  oonclu- 
won  having  been  come  to  by  the  following  line  of  reasoning. 

As  has  been  already  explained,  it  has  long  been  allowed 
on  all  hands  that  Coal  is  of  vegetable  origin ;  but  at  one 
time  great  difference  of  opinion  existed  as  to  how  the 
veget^le  matter  out  of  which  it  ts  formed  was  brought 
together.  Bome  geologists  would  have  it  that  Coal  was  an 
accumulation  of  drift  plants,  just  as  Sandstones  and  Shales 
are  accumulationB  of  drifted  sand  and  mud.  There  are 
several  veiy  strong  objections  to  this  view.  Many  Coal 
seams  extend  with  a  fairly  regular  thickness  over  tracts 
hundreds  of  square  miles  in  area,  and  it  is  not  easy  to  see 
how  such  a  light  matter  as  dead  wood  could  be  spread  out 
in  even  and  regular  I&yers  of  such  great  extent.  Again 
the  better  kinds  of  Coal  are  nearly  pure  vegetable  matter, 
and  contain  only  a  very  small  percentage  of  sandy  and 
clayey  admixtures.  Sutui  puriiy  of  composition  is  hardly 
exidioable  on  the  Drift  theorv,  for  the  water  that  carried 
down  the  dead  plants  would  bring  also  sediment,  the  two 
would  be  inevitably  mixed  up  together,  and  the  result 
would  be  a  sort  of  Coal  oertmnly,  but  a  Coal  far  more 
earthy,  and  producang  when  burnt  a  far  larger  quantity  of 
ash,  ttian  the  majority  of  Coals  in  use.  It  is  found  too  in 
some  cases  that  Uie  small  quantity  of  impurity  which  Coal 
does  oontmn  agrees  in  amount  and  composition  with  the 
earthy  portion  of  living  plants.  Bo  that  tne  whole  of  Coal, 
both  its  carbonaceous  part  and  its  ash,  may  have  come 
from  a  vegetable  source. 

Some  oUier  explanation  had  therefore  to  be  sought  for, 
and  the  first  step  in  the  right  direction  was  made  by  Sir 
W.  Logan.  He  pointed  out  that  eveiy  bed  of  Coal  rests 
oa  B  peculiar  clay,  to  which  the  name  Underclay,  Seat- 
earth,  or  Warrant  is  applied.  These  underpays  vaty  very 
much  in  minenil  composition  and  other  respects,  but  they 
all  agree  in  two  points  :  they  are  unstratified  and  break  up 
into  irregular  lumpy  fragments,  and  they  always  contain  a 
•  Sir  0.  Lyell,  Tmrel*  in  Sottb  AmKua,  1  oh^.  vii. 
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peculiar  vefetable  fosaO  known  as  StiKin&ria.  These  8ti^- 
maria  are  long,  branching,  cylindrical  bodies,  dotted  over 
with  regularly  arranged  pita  or  Bears,  from  which  long 
ribbon-ehaped  fihunente  run  out  in  all  directions,  till  the 
Clay  is  sometiniee  one  thickly-matted  mass  of  them.  The 
Btigmaria  lie  parallel  to  the  bedding,  and  thoir  position 
and  the  root-like  processes  that  spring  from  them  anggest 
oatuially  the  idea  that  they  are  roots.  That  this  is  really 
their  character  was  first  proved  by  Mr.  Binney.  He 
discovered  in  a  railway  cuttmg  near  Manchester  the  trunk 
of  a  tree,  very  commonly  found  fossil  in  the  measures 
associated  with  Coal  and  known  by  the  name  of  Sigillaria, 
standing  erect  as  it  grew  and  still  connected  with  its  roots. 
These  roots  were  SUgmaria,  and  the  bed  into  which  they 
stru<&  down  was  an  underclay.  Many  similar  cases  have 
since  been  observed.  The  mysteir  was  now  fully  solved : 
the  TJnder-olayB  are  old  terrestrial  soils,  and  the  trees  and 
plants  that  grew  upon  them,  as  they  died  and  fell  to  the 
ground,  formed  a  layer  of  nearly  pure  vegetable  matter  : 
after  a  time  the  surface  was  lowcn^  beneath  water,  but  so 
gently  that  the  soft  pulpy  mass  was  not  disturbed,  sand  and 
day  were  laid  down  on  the  top,  and  the  band  of  dead  plantc 
waa  thus  sealed  up,  preserved  from  decay,  and  oonverted  by 
pressure  and  chemical  changes  into  a  seam  of  CoaL* 

Fig.  22  shows  a  bed  of  Coal  and  its  underclay  :  the  Coal 
has  been  removed  in  the  front  part  of  the  diagram  so  as  to 
lay  bare  the  underclay  and  show  the  Sttgmaria. 

Fi^.  23  will  give  an  idea  of  one  of  the  erect  trunks  just 
mentioned.  The  beds  in  the  upper  part  of  the-  diagram  are 
Shales  and  Sandstones,  which  nave  accumulated  round  the 
trunk ;  beneath  these  is  a  thin  bed  of  Coal,  and  that  rests  on 
an  underclay  into  which  the  roots  strike  down. 

Snbaqnaoui  Co&l.| — That  most  of  our  Coal  seams  have 
had  their  origin  in  the  manner  described  is  beyond  ques- 
tion, but  we  do  occasionally  meet  with  Coal  which  has  been 
formed  under  water  out  of  masses  of  drift  timber  and 
plants  carried  down  by  rivers  and  buried  among  mechanical 

■  Bteinh&vsr,  Amariam  FhQ.  ii.   39) ;    Geology   of  the  Honth 

TnuiiaetianB,  new  Hriea,  voL  i. ;  BtsffoTdihire  Co^field  (HemB.  of 

LoMo,  TraiuMitioaa   OeoL  8oo.  the  Geol.  BiuTe;  of  England  and 

of  Xondon,  IBIZ ;  Binney,  Phil.  Wide«),  2nd  ed.  p.   216,  and   the 

Hag.,  1844,  1B46.  1847;   Qiurt.  nfereccsa  in  the  note  to  p.  78. 
Joum.  GooL  Soc,  ii.  890,  vi.  17 ;  t  These  mok«  onght  by  good 

Ti-aniactioiu  of  Manchester  Oeol.  right!  pa  be  plaoed  nnder  Sec- 

Boci.  178;  Bowman, Ibid.  i.  112  ;  tioni;  it  is  hoirevBr  mure  con- 

Bn>wa.  Quart.  Joum.  Qeol.  Soc.,  venieiit  to  coiusder  them  hero. 
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deposits.  Such  Coal  occurs  however  rather  in  lenticular 
patches  than  re^lar  beds,  and  ia  apt  to  be  impure  from  a 
joixture  of  earthy  sediment. 

In  the  middle  of  sandstone  beds  too  little  nests  of  Coal 
often  occur,  which  must  have  been  formed  in  this  way ; 


and  the  bark  of  fossil  trees  embedded  In  rock  has  fre- 
quently been  converted  into  very  bright  and  pure  CoaL 

Cuutel  Co^ — Que  veiy  important  variety  of  Coal, 
known  aa  Cannel,  is  probably  of  subaqueous  origin.  It 
invariably  occurs  in  patches  thinning  away  to  nothing  on 
all  sides,  and  it  seems  likely  that  each  patch  marks  the 
site  of  a  pool  or  lake,  in  wluch  the  vegetable  matter  lay 
till  it  was  macerated  into  a  black  carbonaceous  palp. 
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Many  facts  lend  support  to  this  view.  The  remainB  of  fish 
are  of  oonstant  oocurrence  in  Cannel  Coal,  and  they  oould 
not  have  got  there  unlesa  the  bed  was  formed  beneath 
water.  Beds  of  Cannel  also  pass  by  a  gradual  increase  of 
earthy  admixture  into  well  stratified  black  carbonaoeons 
shale ;  and  we  can  readily  imagine  how  this  vould  come 
about,  if  the  stream  carried  at  the  same  time  mud  and 
plants  into  a  lahe.  The  heavier  sediment,  stained  by  some 
vegetable  matter,  would  sink  down  first,  the  lighter  wood 
would  float  to  RTeater  distances,  and  thus  near  the  mouth 
of  the  river  the  deposit  would  be  mainly  black  mud, 
farther  on  in  the  pool  the  proportion  of  vegetable  matter 
would  increase,  and  at  last,  vhen  all  the  ecuUiy  sediment 
had  been  strained  out,  there  would  be  aocumuladons  oon- 
Bieting  almost  entirely  of  drifted  plants,  which  continued 
soaking  would  reduce  to  Just  such  a  pulp,  as,  when  com- 
pacted, would  furnish  a  Cannel  Coal. 

FftrUagB  in  Coal  Sauna, — Thick  seams  of  cosl  are  very 
frequ^atly  made  up  of  a  number  of  different  beds  separated 
by  layers  or  "partings"  of  shale  or  sandstone,  and  these 
nutangs  are  very  variable  in  thickness ;  we  frequently  find 
Viab  a  parting,  which  has  been  a  mere  fraction  of  an  inch 
in  thickness  over  a  large  area,  swells  out  in  a  certain  direc- 
tion till  it  becomes  many  feet  thick.  The  Thick  Coal  of 
South  Staffordshire  for  instaace  is  in  the  centre  of  the  field 
a  mass  of  coal  30  feet  in  thickness,  and  is  practically  a 
single  seam ;  even  under  this  form,  however,  it  is  readily 
seen  to  be  made  up  of  a  number  of  beds,  parted  from  one 
another  by  planes  of  stratification,  and  differing  in  character 
and  quality ;  as  we  trace  the  seam  northwards,  partings 
oome  in  b^ween  the  beds  and  thicken  to  the  north,  and  m 
a  space  of  five  miles  the  single  seam  of  30  feet  has  become 
spht  up  into  ten  ooals,  whidi,  with  the  measures  between 
them,  make  up  a  thicbiese  of  500  feet.* 

We  can  readily  understand  how  partings  were  formed. 
When  a  certain  Uiickness  of  vegetable  matter  had  accumu- 
lated, it  was  lowered  beneath  water,  and  mud  or  sand  de- 
posited on  the  top ;  but  the  submergence  lasted  only  for  a 
veiy  short  time — only  long  enough  to  allow  of  a  very  thin 
layer  being  laid  down ;  l£en  the  whole  was  raised  again 
end  vegetable  growth  and  formation  of  Coal  began  afresh. 

The  thickenmg  of  a  parting  must  have  been  brougjit 
about  somewhat  in  the  way  shown  in  Fig.  24.     The  lower 
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bed  of  Coal  vbs  first  formed,  and  then  enbmer^ed ;  bat  tho 
amkmg'  graduoUj  increased  in  amount  from  the  left  to  the 
right,  ao  that  the  Coal  was  brought  into  the  position  a  b; 
then  deposition  of  sediment  levelled  over  the  inequalities 
produced  by  unequal  subsidence  up  to  the  line  o  d;  then 
the  whole  was  rataed,  and  on  the  level  &ov  e  d  another 
seam  of  Coal  new. 

There  are  also  irreg^ularitieB  in  beds  of  Coal  vfaich  admit 
of  a  somewhat  different  explanation.  Let  ab,  ed,  in  Fig. 
25,  be  two  level  tracts,  over  which  ooal-growth  is  going  on, 
separated  by  a  rising  boss  of  land  tm  which  little  or  no 
vegetation  nourishes.  Water  running  down  the  flanks  of 
the  risinK  ground  will  carry  sediment  on  to  the  levels  on 
either  side,  but  when  it  reaches  the  flat  ground  the  water 
will  come  to  rest  and  the  sediment  will  be  quickly  thrown 
down.  Hence  banks  of  sand  or  mad  will  form  ronnd  the 
boss  at  the  same  time  that  Coal  is  growing  further  away 
from  it ;  but  these  banks  will  thin  away  rapidly  as  we 
recede  from  the  boss,  and  at  a  little  distance  from  it  the 


growth  of  Coal  will  go  on  without  any  admixture  of  sediment 
with  the  vegetable  matter.  The  formation  of  the  seam  may 
be  supposed  to  begin  with  the  growth  of  the  layer  «,  which 
thins  away  and  ends  off  against  the  boss ;  then  the  bank  of 
Band  /  and  the  layer  of  Coal  p  may  be  formed  at  the  same 
time ;  then  there  may  be  an  addition  of  Coal  A  on  the  top  of  p, 
which  extends  itself  over  the  top  of  /up  to  the  boss  ;  on 
the  top  of  this  another  sandbank  may  be  deposited  on  the 
right,  and  more  Cool  grow  on  the  left.  A  repetition  of  this 
process  will  give  us  a  thick  bed  of  Goal  free  from  i>artings 
on  the  left,  which,  as  we  go  to  the  right,  is  split  up  by 
partinge  till  nearly  all  the  Coal  has  disappeared.  The  same 
result  will  be  produced  over  the  fiat  e  d ;  and  when  the 
seam  comes  to  be  worked,  it  will  be  found  clean  and  good 
at  a  and  d,  but  as  we  approach  the  middle  of  the  dia^^am 
will  appear  to  change  into  a  mass  of  Shale  or  Sandstone  con- 
taining a  number  of  thin  layers  of  CoaL  Coses  of  this  sort 
are  of  very  frequent  occurrence. 


)  by  Google 


ICE-FOBHED   DETBITUS.  155 

Hie  tOTrestrial  deposits  produoed  b;  the 
actioii  of  Ice,  which  are  vety  eiteoBive  and  of 
great  importsooe,  will  be  treated  of  in  the 


Much  of  the  waste  produced  by  the  action  '" 

of  ice  is  carried  to  its  resting-place  in  the  S 
same  way  aa  the  products  of  other  denuding 

forces ;  in  some  caeea,  however,  ice  itaelf  acts  g 

as  a  carrier,  and  the  accumulatious  thus  pro-  & 

duoed  differ  in  many  important  points  from  ^ 

any  we  have  yet  considered.     But  whether  a 

borne  away  by  moving  ice  or  running  water,  g 

the  deposits  due  to  ice-actiou  have  so  marked  j 

and  ^ftinctive  a  stamp,  that  they  may  very  g 

properly  be  placed  in  a  section  by  themselves.  ^ 

DiatiactiT*   CluraoteT*   of   Xc»-1>om*  ° 

Detritna. — ^We  will  first  point  out  what  the  g 

characters  are  which  are  peculiar  to  ice-borue  g 

detritus,  and  enable  ua  U»  distinguish  it  from  s 

that  carried  by  rivers.  k 

The  latter  necesaarily  undergoes  wear  and  " 

tear  and  becomes  more  or  lees  roimded :  also  i 

running  water  cannot  transport  to  any  great  | 

distance  blocks  of  large  size.     Sy  means  of  | 

movin(^  ice  on  the  other  hand  blocks  of  enat-  . 

mouB  size  may  be  carried  without  any  round-  g 

ing  at  all;  by  land-ice  they  may  be  borne  z 

away  from  a  mountain-top  acrosa  valley  and  3 

hill,  and  dropped  far  away  from  their  parent  | 
home  almost  as  sharp  and  angular  as  when 

first  broken  oS,  and  icebergs  can  float  them  ^ 

with  as  little  wear  to  still  greater  distances.  3 

Also  the  sediment  carried  by  ninning  water  e 

will,  when  it  comes  to  rest,  be  arranged  to  a  ^ 

certain    degree   according  to  the   size   and  | 

weight  of  the  fragments :    the  heavier  and  ^ 

coarser  will  faU  down  first,  and  the  lighter  ^ 

and  finer  will  remain  longer  in  suspension,  £ 
and  settle  down  further  on  from  the  source 
of  supply.  Snch  deposits  will  also  be  arranged 
in  beds  or  layera.     But  in  the  case  of  the 
stuff  shot  over    the    end  of   a    gladar,   or        ^t*^ 
dropped  from  a  floating  iceberg,  or  churned 
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up  beneaUi  a  Hheet  of  contiiieiital  ice,  there  will  be  no  Bort- 
ing  of  this  Bort :  bi^  blocks  and  £ne  eartli  will  be  heaped 
peU-mell  together  without  regard  to  size  or  weight,  and  the 
former,  instead  of  sinking  on  to  their  broad  aidea,  may 
be  packed  on  their  emaller  ende  or  edges :  there  will  also 
be  little  or  nothing  of  bedded  arrangement  in  the  depoeite 
formed  by  land  ice. 

But  the  moat  easily  rscogniaed  and  nnmiBtakable  sign 
which  ice  leaves  of  its  handiwork  has  yet  to  be  pointed  out. 
The  stonea  frozen  into  the  under  aurface  of  a  maas  of 
moving  ice,  and  the  stones  over  which  it  passes,  mutually 
smooth  and  cut  into  one  another.  Two  large  atones  by 
rubbing  against  one  another  become  worn  flat,  and  often 
polished  aa  thoroughly  as  if  they  had  passed  through  a 
lapidary's  hands :  the  harder  and  shan>er  stones  act  as 
cutting  tools,  and  grind  grooves  in  whatever  they  pass 
over,  rangingin  size  from  ruts  big  enough  for  a  cart-wheel 
to  run  in,  down  to  acrat«hee  aa  fine  as  Uie  lines  of  a  steel 
engraving.  Uarkings  like  these  have  a  peculiar  stamp  of 
their  own,  and  no  one  who  has  onoe  seen  such  can  ever 
fail  to  recognise  them  again.  As  far  as  we  know  the  like 
are  made  by  no  agent  but  moving  ice. 

"Whenever  then  we  find  a  deposit  oontaining  far-travelled 
blocks  of  la^e  size  and  but  uttle  rounded,  the  materials 
of  which  are  heaped  t<^;ether  in  a  confused  way  without 
regard  to  size  or  weight ;  which  shows  no  bedded  structure 
or  only  rude  traces  of  bedding ;  and  which  contains  polished 
and  scratched  stones,  or  stones  that  retain  traces  of  former 
polishing  and  scratching  ;  we  may  safely  conclude  that  ice 
has  been  concerned  in  the  formation  of  that  deposit,  even 
though  the  country  in  which  it  occurs  cannot  now  nourish 
large  masses  of  ice. 

Fomu  of  Olaoial  Dtpoiita. — Deposits  formed  by  the 
action  of  ice  are  called  Qlacial,  and  may  be  considered 
under  the  following  heads :  Till ;  Moraines ;  Glacial  Uud  ; 
aubaqueouB  accumulations  containing  the  droppings  of 
Icebergs  or  an  Ice  Foot,  which  may  be  distinguiBhed  as 
Boulder  Clays  • ;  Erratics ;  and  deposits  formed  by  the  re- 
arrangement under  water  of  any  of  the  preceding  forms, 
known  as  Bearranged  or  Modified  Glaxnal  Beda.  Each 
of  these  forma  has  certain  peculiarities  of  its  own  which 
enable  us  to  distinguish  it  from  the  others  of  its  dass. 

■  This    teim    ii    often   xuai      restricted  to  Uie  meaning  Maigned 
loosely  for  amy  form  of  glaoial      to  it  in  the  test 
depont.    It  mkf  be  oouTeniaiiUj 
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Till. — ^Till  is  a  depoedt  of  ezoeoBiTely  tongh  dense  clay, 
stuck  as  full  as  it  oan  bold  of  atones  of  all  sizes,  which  are 
not  arranged  in  any  order,  but  look  as  if  th^  had  been 
forcibly  rammed  in  anyhow,  and  are  mixed  big  and  little 
indiscnminately  together.  Where  it  bas  to  be  cut  through, 
it  is  more  diffloolt  to  master  than  the  hardeet  lock ;  it  can 
be  neither  broken  nor  blasted,  and  has  to  be  laboriously 
worked  away  by  spade  and  mattock.  Every  narry,  who 
has  to  deal  witb  it,  soon  learns  to  recognise  its  formidable 
nature,  and  becomes  as  good  a  judge  of  what  ought  to  be 
QoRei  Till  as  the  most  acoomplished  geologist,  l^e  stones 
are  many  of  them  angular  or  havetneir  edges  and  angles 
slightly  blunted,  and  a  very  large  proportion  of  them  snow 
ioe-soratching  and  polishing.  The  materials  of  which  Till 
is  composed  are  very  largely  derived  from  the  rock  on 
which  it  rests  or  from  rocks  in  its  immediate  neighbour- 
hood ;  thus  the  Till  of  a  country  composed  of  dark  clayey 
rocks  will  be  dark  in  colour  and  veiy  stiff;  where  the 
underlying  beds  ai«  of  red  sandstone,  the  Till  will  be 
reddish  and  lighter  in  character,  owing  to  an  admixture  of 
sand. 

Wherever  Till  is  found  there  is  always  independent 
proof  that  the  country  has  been  covered  by  a  sbeet  of 
continental  ice.  We  nave  already  seeu  that  under  such  a 
sheet  there  is  probably  formed  an  accumulation  of  clay  and 
stones  known  as  Moraine  Profoude  or  Orundmorane,  and 
Till  resembles  exactly  what  we  picture  to  ourselree  that 
this  deposit  must  be  like.  There  would  be  weight  enough 
above  to  give  rise  to  the  intense  toughness  and  the  close 
and  irregular  packing  of  the  stones,  ana  the  scratching  and 

glisfaing  would  be  produced  as  the  mass  was  pushed 
ther  and  thither  by  the  flow  of  the  ice.  Such  an  ex- 
planation accords  also  well  with  the  local  character  of  Till, 

Hence,  though  the  existence  of  the  Moraine  Frofonde  is 
to  a  certain  extent  hypothetical,  the  probability  that  such 
an  accumulation  is  formed  beneath  large  ice-^eets  is  so 
great,  and  its  character,  if  it  exist,  must  be  so  exactly  that 
of  Till,  that  nearly  all  ^^eologists  are  now  agreed  to  look 
upon  the  latter  as  having  been  formed  by  the  grinding 
and  wearing  away  by  on  ice-sheet  of  the  ground  on  which 
it  rested. 

Another  explanation  of  the  origin  of  Till  has  lately  been 
propounded  by  Mr.  Qoodchild  (Quart.  Jour.  Geol.  Soo.,  xxxi. 
70 — 98).  He  thinks  that  the  materials  of  which  Glacial 
Deposits  are  oom^Ktsed  were  originally  embedded  in  the 
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ice-eheet,  and  that  wlien  the  ice  melted  its  oontents  vere 
gradually  set  free ;  Bome  were  merely  dropped,  othera  more 
or  less  sorted  and  arranged  by  streams  running  below  the 
ice ;  and  in  this  way  he  eu^eete  many,  if  not  all,  of  the 
Tarious  foTTOB  of  Qlacial  Deposits  may  have  been  produced 
hy  the  one  single  operation  of  the  melting  of  the  ice. 
Whether  we  agree  or  not  with  Ur.  GoodchUd's  conclusione, 
his  paper  will  probably  lead  us  to  think  that  the  explana- 
tiop  of  the  origin  of  Glacial  Deposits  is  not  altogether  so 
simple  a  matter  as  some  people  have  supposed,  and  that 
there  are  many  points  oonnected  with  the  subject  that  atill 
want  clearing  up. 

Though  one  of  the  distinguishing  characteristics  of  Till 
is  the  preponderance  of  stones  belonging  to  the  immediate 
neighbourhood  where  it  occurs,  the  reader  must  not  sup- 

Cthat  fragmeute  of  rock  which  have  oome  from  distant 
itiee  are  altogether  wanting  in  it.  It  is  by  no  means 
uncommon  to  meet  with  far-travelled  stones  in  Till,  but,  as 
a  rule,  they  form  only  a  minority  of  its  contents.  Further, 
these  strangets  are  frequently  found  at  much  higher  levels 
than  the  rock  from  which  th^  were  broken  off.  For 
instance,  the  Till  of  the  Yale  of  Eden  contains,  besides  the 
rocks  of  the  valley  itself,  many  that  have  come  from  the 
Lake  country,  and  even  a  sensible  proportion  of  stones 
that  have  travelled  from  the  opposite  coast  of  Scotland; 
and  these  foreign  matorials,  with  others  that  have  oome  from 
the  low  parts  of  the  valley,  can  be  traced  up  to  the  summit 
of  the  pass  of  Stainmoor.*  Both  the  preeraice  of  stones 
from  a  distance  and  the  elevation  at  which  they  occur  are 
easily  accounted  for.  The  gathering  ground,  from  which 
the  ice-sheet  that  produced  the  Till  started,  was  a  long  nay 
off,  and  on  its  journey  the  ice  picked  up  samples  of  the 
different  kinds  of  rocb  it  passed  over ;  Utese  travelled  on 
with  the  ice,  carried  on  its  surface  or  frozen  into  its  mass, 
and  were  dropped  wherever  they  were  set  free  by  melting 
or  any  other  cause.  Again,  ice-sheets  we  know  in  many 
cases  pursue  their  course  with,  but  little  r^;ard  to  the 
shape  of  the  ground,  are  driven  ocrMt  valleys,  and  forced 
tip  the  slopes  of  hills,  and  in  this  way  it  frequently  happens 
that  the  stones  and  boulders  they  carry  are  stranded  at 
spots  very  much  higher  above  the  sea  level  than  the  source 
from  which  they  were  derived, 
MoraiaM. — Moraines  resemble  Till  in  consisting  of  a 
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confused  mass  of  Btouee  and  earth :  the  whole  is  jninbled 
together  in  a  pell-mell  way  without  regard  to  size,  shape, 
or  weight,  somewhat  in  me  same  way  as  the  heaps  of 
rubbish  "tipped"  to.  form  a  railway  embankment.  The 
main  points  ot  difference  are  theee.  Iji  a  If oraine  the  great 
mass  of  stones  have  ridden  on  the  top  of  the  ice,  and 
hence,  though  they  will  be  mostly  ahani  and  angular,  but 
few  will  be  poUehed  or  scratched.  Moraine  matter  too 
having  been  merely  shot  on  to  or  over  the  end  of  a  glacier, 
and  not  pressed  down  by  the  weight  of  the  ice,  will  not 
possess  the  characteristio  denaeness  of  Till.  The  external 
shape  of  Uoraines  is  also  peculiar:  they  form  mounds, 
arranged  in  long  lines  along  the  flanks  of  a  valley  if  the 
Moraine  be  longitudinal,  or  stretching  in  horseehoe-shaped 
courses  acn>ss  a  valley,  if  it  be  terminal. 

Both  Till  and  Moraines  agree  in  being  perfectly  nnstrati-  I 
fied,  and  difier  in  tbis  respect  from  the  other  forms  of  ice  i 
deposit. 

Olsdal  Knd. — From  beneath  every  sheet  of  ice  there 
issue  streams  of  water  loaded  with  an  impalpable  mud, 
the  finer  part  of  the  mattCT  ground  by  the  ice  from  the 
rock  over  whioh  it  moves.    When  this  sediment  is  thrown 
down  beneath  stUl  water,  it  forms  silty  and  clayey  deposits 
of  unusual  fineness.    The  water  into  which  glacial  streams 
fiow  is  too  much  chilled  to  allow  of  any  but  a-nimiila  that 
can  bear  cold  existing  in  it,  and  hence  the  fossils  that 
occur  in  these  clays  are  northern  forma.     Occaaionally  too 
floating  ice  will  drop  angular  stones  and  boulders  among 
the  fine  silt.     A  deposit  then  of  ver^  fine  mud,  oontaining  ' 
the  remains  of  Hnnniila  that  inhabit  northern  waters  and  ' 
angular  blocks  of  rock,  may  safely  be  set  down  as  having  t 
been  formed  out  of  sediment  deposited  by  streams  dis-  , 
cha^;ed  from  beneath  a  sheet  of  ice. 

Boralder  dajra. — Under  this  head  we  may  include 
deposits  formed  beneath  water,  partly  out  of  sediment 
held  in  suspension,  and  partly  out  of  the  droppings  of 
floating  ice.  Such  oocumulationB  will  he  more  or  lees 
bedded,  but  they  may  be  distinguished  from  those  stratified 
depoeite,  in  whose  formation  ioo  had  no  share,  by  the  large 
angular  travelled  blocks  which  are  embedded  here  and 
there  in  them.  The  beds  of  these  deposits  are  often  bent 
and  twisted  into  very  complicated  curves.  This  result 
seems  to  have  been  produced  partly  by  the  stranding  of 
iceberg  which,  after  they  had  run  aground  and  plou^ed 
into  the  bottom,  were  driven  on  by  currents ;  partly  by  the 
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melting  of  massM  of  ice  buried  in  the  middle  of  a  body  of 
Boulder  Clay,  by  wMob.  tbe  beds  above  were  deprivea  of 
support  uid  caused  to  eint  down  into  the  cavity  produced 
by  the  remoTal  of  the  ice-block. 

Erratios  and  Ferehad  Blooki. — ^We  next  come  to 
those  large  blocks,  often  met  with  lying  on  the  surface,  which 
are  known  as  Praties  or  Wander^  Sltm«t.*  When  we  can 
determine  by  any  peculiarity  in  the  Tock  the  locality  from 
which  they  have  come,  these  Erratics  are  often  found  to 
have  travelled  far  from  their  home,  and  in  spite  of  their 
long  journey  to  be  angular  or  only  very  slightly  rounded. 
This  droumstance,  leaving  out  of  consideration  their  great 
size,  makee  it  impoesiblo  that  they  can  have  been  brought 


Fig.  26.— Pbucued  Blocs. 

by  water,  and  ice  is  the  only  agent  that  could  have  carried 
them.  Some  of  them  have  been  dropped  from  icebei^ 
when  the  ground  where  they  occur  was  beneath  water : 
others  have  bees  carried  on  the  back  of  an  ice-sheet,  and 
stranded  when  the  ice  melted  away.  The  latter  are  some- 
times found  in  positions  in  which  it  seems  at  first  sight 
quite  impOHRible  that  they  could  have  come  by  natural 
means,  delicately  poised  on  their  smaller  end,  or  balanced 
on  the  top  of  some  projecting  crag;  these  arc  called 
Perched  Blocki.  They  have  been  gently  let  down  into  their 
present  strange  positions  by  the  gradual  melting  away  of 
the  ice  beneath  them.  Fig.  26  shows  a  Perched  Block  rest- 
ing on  a  euriace  of  rock  that  has  been  smoothed  by  ice. 
*  Thfl  Go'mAus  0^  thom  Fotmdlinp  (Findlin^)* 
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BMwraiigad  GlMiial  Beds. — AJI  tlie  preceding  fonne 
of  glacial  depoaite  are  liable  to  be  workod  up  and  earned 
away  b;  denudation,  and  eitber  conaiderabl;  modified  on 
the  spot,  or  carried  off  and  redeposited  ebewhere.  By_ 
each  means,  epeciallj  if  the;  are  traneported  to  any  dis- 
tance, glacial  formationB  lose  much  of  their  distinctive 
character.  The  angular  stones  become  rounded,  the  large 
bouldeFB  are  broken  up,  and  the  scratcbinga  and  poliBhings 
are  vom  off.  But  the  peculiaritiee  we  rely  upon  as  indi' 
catin|^  a  g^adal  ori^  are  not  always  completely  wiped  out, 
indistinct  traces  of  ice-scratcbinn  for  instance  often  survive 
a  good  deal  of  wear  and  tear.  By  attending  to  such  points 
we  can  often  dotermine  that  a  deposit,  though  it  may  have 
passed  tlirough  various  changes  before  it  assumed  its 
present  form,  was  originally  derived  from  a  mass  of  ice- 
formed  debris. 

Books  uid  Depoclti  of  Oladftl  Origin. — There 
is  a  Urge  body  of  deposits,  of  immense  antiquity  histori- 
cally, but  young  compared  with  the  mass  of  the  rooks  of 
the  earth's  crust,  in  whose  formation  ice  has  been  in  on© 
way  or  another  concerned.  Till  ooours  abundantly  in 
North  Britain,  Scandinavia,  North  America,  and  many 
other  districts,  and  shows  that  these  countries  were  once 
buried  under  sheets  of  continental  ice.  The  Moraines  of 
vanished  glaciers  are  plentiful  in  many  hilly  and  mountain- 
ouB  districts  from  which  all  traces  of  snow  are  now  cleared 
oS  eveiy  summer ;  and  even  in  those  regions,  like  the 
Alps,  which  still  nourish  perpetual  snow,  there  are  M.o~ 
rsmee  which  show  that  the  glaciers  were  f oimerly  far  larger 
than  now.  Associated  with  these  indications  of  a  former 
severity  of  climate  are  subaqueous  Boulder  Clays  and 
deposits  of  Glacial  mud. 

It  is  evident  that  all  gladal  framations  are  somewhat 
restricted  in  extent,  and  mat  the  terrestrial  forms  are  very 
likely  to  be  carried  away  by  denudation,  and  we  should 
not  merefore  expect  to  find  very  abundant  traces  of  them 
among  the  older  portions  of  the  earth's  crust.  Even  here 
however  there  are  Conglomerates  and  Breccias  which  there 
is  every  reason  to  look  upon  as  consolidated  Tills  or  - 
Boulder  Clays,  on  account  of  the  close  resemblance  they 
bear  to  these  deposits. 


)  by  Google 


So  far  we  hsve  found  a  moet  perfect  agreement,  both  in 
broad  general  character  and  in  me  minuter  details  of  struc- 
ture, between  the  deposits  now  forming  by  the  action  of 
denudation  beneath  water  or  on  dry  hjid,  and  certain  of 
the  rocks  of  the  earth's  crust.  All  the  principal  kinds  of 
the  deposits  that  are  now  farming  have  been  passed  in 
review,  and  to  every  one  we  have  beea  able  to  find  a 
parallfj  in  the  class  of  rocks.  In  one  respect  however  the 
two  classes  will  usually  be  found  to  difCer.  Modem  depo- 
sits are  mostly  loose  and  incoherent,  and  rocks  as  amle  hard 
and  compact.  To  this  statement  there  are  many  exceptions, 
but  etill  it  is  true  in  so  large  a  number  of  cases,  that  we 
must,  if  we  would  make  good  the  original  identity  of  rock 
and  eedimeut,  explain  how  the  latter  can  be  compacted  into 
the  former.  Any  little  difficulty,  that  this  seeming  want  of 
agreement  may  at  first  sight  cause,  will  vanish,  if  we  reflect 
that,  if  rocks  were  formed  in  the  way  suggested,  their 
formation  took  place  long  ago,  in  many  casee  very,  very 
long  ago  indeed,  and  if  we  turn  over  in  our  minds  all  that 
has  happened  to  them  since  that  date.  The  following  are 
some  of  the  principal  causes  that  have  had  a  share  in  the 
conversion  of  loose  sediment  into  hard  rock. 

We^rlit  of  Ovtaeljing  Mauea. — In  the  first  place 
when  layers  of  sediment  have  beea  placed  one  on  the  top 
of  another  till  the  pile  reaches  a  great  thickness,  the  mere 
weight  of  the  mass  must  compress  and  harden  the  lower 
portion.  It  is  this  lower  part  we  see  now,  for  the  upper 
beds  have  been  removed  by  denudation.  This  cause  alone 
would  account  in  many  cases  for  the  solidification  necessaij 
to  convert  sediment  into  rock. 

Ospoaitioa  of  Cemeiit. — Masses  of  loose  sediment  are 
also  traversed  by  percolating  water,  which  holds  in  solu- 
tion substances  such  as  Carbonate  of  Iihae  or  Silica.  These 
dissolved  matters  will,  if  deposited  by  evaporation  or  any 
other  means,  aot  as  a  oement  and  bind  the  loose  particles 
•  together. 

Chemloal  Ssactioiui. — Chemical  reactions  too  go  on 
among  the  constituents  of  sediment,  and  produce  eolidifira- 
tion.  It  is  possible  for  instance  that  some  soft  deposits 
may,  on  drying,  "  set,"  like  mortar  or  plaster  of  Paris. 

Internal  Heat. — We  shall  learn  oy-and-by  that  the 
interior  of  the  earth  is  very  hot,  and  we  have  already  seen 
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that  in  many  casM  during  the  depositJon  of  eediment  the 
mass  muBt  have  ffone  on  sinHng  deeper  and  deeper  into 
the  groond.  In  ioiB  way  it  may  be  brought  within  tEe  range 
of  tiiia  internal  heat,  and  baked.  The  same  proc«es  must 
go  on  in  the  neighbourhood  of  active  Tolcanoee,  though  in 
QuB  case  the  effect  will  probably  be  looal.  This  solidi^ing 
cauBO  will  be  more  fully  considered  under  the  head  in 
Metamorphiam. 

VraMMuxa. — But  perhaps  the  most  important  agent  in  the 
consolidation  of  sedunent  into  rock  is  one  whose  action  we 
can  only  partly  explain  here.  It  wUl  be  shown  by-and-by 
that  beds  of  mechanically  formed  lock  are  seldom  found 
in  the  horizontal  position  in  which  they  were  originally 
deposited.  They  have  been  tilted  so  as  to  lie  at  all  angles 
with  the  horizon,  and,  what  it  more  espedaUy  behoves  us 
to  notice  ia  connection  with  our  present  subject,  th^  have 
often  been  bent  and  folded  into  the  most  complicated  curves.* 
A  change  in  position  like  the  latter  can  evidently  have  been 
brought  about  by  nothing  but  forcible  lateral  pressure ;  and 
we  shall  also  see,  when  we  come  to  consiaer  these  dis- 
turbances more  fully,  that,  at  the  time  when  it  was  pro- 
dnced,  the  beds  were  not  at  the  surface,  as  wo  see  them 
now,  but  were  loaded  above  by  the  weight  of  a  great  thick- 
ness of  overlying  rock,  which  has  since  been  removed  by 
denudation.  Now  it  is  just  these  powerfully  folded  beds, 
which  have  been  not  only  subjected  to  intense  lateral 
compreaeiim,  but  also  pressed  forcibly  from  above,  that 
are  the  most  intensely  hardened.  In  Bussiaf  and  North 
America  there  are  ro^  of  great  antiquity,  which  are  eo 
little  dianged  from  the  condition  in  which  they  were  origi- 
nally laid  down,  that  a  veiy  slight  amount  of  weathering 
is  enough  to  reduce  them  to  their  pristine  state  of  mu<t 
and  which  are  hence  called  "  mud  stones."  £iU  theff  roekt 
Mam  hgm  learetli/ dittvrbed  at  all  Jrom  t/u  hontotUai  potition  in 
lekieA  they  wara  formed.  On  the  other  hand  there  are  beds,  ' 
in  the  Alps  for  instanoe,  immeasurably  younger,  which  , 
have  been  solidified  and  even  rendered  crystalline  to  such 
a  d^^ree,  that  they  were  for  a  long  time  assumed,  in  virtue 
of  their  intensely  hardened  state,  to  be  of  very  remote  ^ 
date.     But  theu  roeii  are  incariably  violentlf/  oontoried.  , 

We  may  therefore  lay  it  down  as  a  broad  general  truth, 
that  pressure  and  consolidation  go  together ;   and  that, 
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where  tliere  is  an  absence  of  consolidation,  there  ha«  been 
alao  an  absence  of  presBure.  Hence  pressure  must  be  looked 
upon  as  one  of  the  most  important  agents,  perhaps  the  most 
important,  in  the  couTersion  of  loose  sediment  into  firm 
rock. 

It  is  also  possible  that  preesure,  when  it  could  effect  no 
fuith. .'  mechanical  compreclon  or  chanee  of  position  in  a 
TOck,  mayhaveUppearedas  heat,  and  bo  helped  on  the  work 
of  consohd^'  'on. 

Xheee  agencies  are  fully  competent  to  effect  the  conver- 
sion of  loose  sediment  into  firai  rm^,  and  any  sediments 
that  were  fonned  at  bygone  periods  of  the  earth's  histoiy 
must  have  been  subjected  to  the  action  of  one  or  more  of 
tliem.  The  only  hitch  in  our  line  of  reasoniag  luis  now 
been  removed,  and  the  conclneion  is  iiresistible  that  tht 
hfdded  roeks  of  tht  tarth'i  erutt  ueit  onet  of  tk»  tant  nature 
and  origin  at  that  modtm  dcpotitt,  which  thtt/  rtttmilt  in  tvtry 
respeet,  txeept  oeeanonally  that  ofhardntii. 

We  may  safely  lay  it  down  as  a  general  rule,  that,  in  o 
number  of  rocks  having  the  same  mineral  composition,  the 
oldest  will  probably  be  the  most  sohdihed;  because,  the 
older  a  rock  IS,  the  greater  chance  will  it  have  had  of  having 
been  Bubject«d  oftener  and  for  a  longer  time  io  pressure 
and  other  consolidating  inflaences.  But  exceptional  casM, 
like  the  two  mentioned  a  little  way  back,  are  numerous 
enough  of  rocks,  on  which  time  and  its  accidents  have 
wrought  scarcely  any  change  whatever,  and  which  now 
stand  before  us  very  nearly  a«  they  were  spread  out  on  the 
floor  of  the  ocean  untold  agea  ago. 


Besides  the  different  kinds  of  bedding,  which  are  a 
necessary  consequence  of  the  way  in  whim  the  stratified 
rocks  were  formed,  there  are  other  pecnliarities  of  struc- 
ture, which  have  been  OToduced  in  rocks  since  their  forma- 
tion. Three  of  these.  Cleavage,  Jointing,  and  Concretions 
can  be  understood  by  any  one  who  haa  mastered  the  con- 
tents of  the  preceding  part  of  this  book,  and  may  therefore 
be  conveniently  treated  of  here.     Others  of  tlte  Btructures 

*  In  oannectioii  with  (he  aub-  tore  of  ^axga  Mineral   HuMB," 

ject  of  this  section,  ihs  student  Trsnaactioni  Qeol.Soo.    London, 

will  do  well  to  study  Profenor  2nd  serifls,  iiL  161> 
Sedgwick's  paper, "  On  tha  fitrac- 
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impreBsed  on  Tooks  Bubseqiiently  to  their  formation  will  be 
explained  further  on. 

Structural  peculiaritiea  of  this  class  are  not  confined  to 
any  one  dass  of  rocks,  but  are  found  in  the  stratified  and 
iuiatFatifi.ed  alike. 

Cla&Tage. — We  will  begin  with  Cleavag;e,  because  the 
cause  to  which  it  is  due  is  that  Freseure  which  we  hare 
just  been  tailing  about  as  one  of  the  agents  that  have 
hardened  rocks. 

In  most  oases  bedded  rocks  split  readily  along  the  planes 
of  bedding :  but  instances  are  not  uncommon  of  rocks,  which 


■n  eridentlf  bedded,  but  which  cannot  be  induced  by  any 
means  to  part  along  the  planes  of  bedding,  while  they  split 
readily  along  a  number  of  other  planes,  which  are  often 
anooth,  regular,  and  close  together,  so  that  the  rock  can 
be  broken  up  almost  without  limit  into  thin  plates  or 
Ituninaa.  Boofing  Slate  furnishes  the  best  possible  in- 
Btanoe,  and  one  which  any  one  may  verify  for  himself. 

This  structure  is  called  Cleaeaga,  and  the  planes  of  dinsios 
PImim  of  CUoMgt. 

Fiff.  37  is  a  representation  of  a  bit  of  cleared  rock. 
Iba  Danda  of   di&erent  shade  and  pattern  are  layers  of 
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different  odour,  hardneas,  and  mineral  composition ;  and 
the  doee  reeemblance  which  these  show,  when  the  mass  of 
the  rock  is  studied,  to  layers  of  stratification,  leaves  no 
doubt  on  the  mind  that  these  are  the  layers  in  which  the 
rock  was  originally  deposited.  We  can  however  no  . 
longer  Beparat«  these  layers  frcon  one  another,  they  are 
finmy  welded  together.*  But  a  set  of  fine  lines  are  seen 
crossing  the  face  of  the  block;  these  are  the  ed^  of 
planee  of  cleavage,  and  along  them  the  rock  splits  up 
readily  into  thin  plates,  one  of  which  is  shown  in  the 
drawing. 

The  labonn  of  Bevendobeervets  have  B^ven  a  eatisfactoiy 
explanation  of  the  origin  of  cleavage.  It  was  noticed  ^t 
fossils  in  cleaved  loou  ware  distorted  from  their  natural 

shape,     and    that    the 
1«  W  distortion  did  not  take 

place    at   random,    but 

I    always    in  the  follow- 
ing manner:    ihey  K«rt 
tquenedJUUperpendieular 
L    U  th»  ptoHM  of  eUevagt, 
imd  i^^ud  out  alutg  thou 
I   ploHM.      In  Fig.  28  a, 
for   instance,  wp  have 
Fig,  28.— SBcnon  or  Booi  »tobb     b  section  of  a  limestone 
AMD  UTu  Clutam.  Containing  stems  of  on- 

crinitee,  Trtiich  are  cjlin- 
den,  and  show  their  normal  circular  section ;  Pig.  28  b  shows 
a  section  of  a  similar  limestone,  which  has  been  cleaved ; 
here  the  stems  are  flattened,  and  the  sections  of  them  are 
ellipses  with  their  longer  axes  parallel  to  the  planes  of 
cleavage.  A  microsoopical  examination  of  thiu  sections  of 
cleaved  rock  shows  that  the  minute  particles  of  the  rock 
are  flattened  in  a  similar  manner. 

Theee  observations  showed  that  ehmtitd  roekt  had  b«tn  eom- 
pretted  in  a  dirtetitm  pgrpendietilar  to  tht  pUmtt  ofelearagt;  but 
they  did  not  prove  that  pressure  was  the  cause  of  cleavage. 
That  final  step  in  the  aivument  was  supplied  by  Kr. 
Sorby,  and  afterwards  by  Prof.  TyndaD,  both  of  whom 
produced  cleavage  artifidtJly  in  sundry  substances  by  sub- 
jecting them  to  pressure,  and  found  that  the  cleavage 

*  Thii,  tbongbTerygenarally,  See  Jnke*,  VJt/pofi  on  the  Gso- 

u  not  oniverBKlIf  the  cttM :  KHne  togiral  Surre;  of  NewtamiilLuid, 

cleaved  looki  may  still  be  split  p.  ^6. 
akoiK  tlieir  planes  of  bedding. 
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pl&nea  were  alw&yn  perpeadioular  to  the  direction  of  tlie 

preeeure.     EveTj  step  in  the 

amiment  wae  now  complete,    1 

and  no  doubt  remained  that    1  o 

_a  ctaiM  of  eUoeagt  teat  pnttun    '  I 

acting  at  right    angtm   ic  it*  | 

No  other  means  of  pro-  S 

dudng  cleaTSfe  haa  yet  been  ^ 

hit  upon,  and  therefore  we  ^ 

refer    all    cleavage    to    this  f. 

cause.*  I 

A  etudy  of  cleaTage  <hi  a  a 

lai^  scale  confirms  £is  oon-  9  j 

duaion.     deavage     always  1 1 

^oee  along  with  that  bend-  |  S 

mg,  folding,  and  puckering  ^  B 

up  of  the  rocks,  which  has  ^ 

been  already  mentioned ;  and  a  S 

't  is  found  that  i/u  dirtetion  of  Pi 

t/upiaiut  of  eUaeage  ii  alteayt  %  9 

paralUl  to  tke  met  of  the  largt 
foldt  into  tehieh  tie  roekt  hat* 
bten  throten. 

Fig.  29  is  a  bird's-eye  view 
of  a  countiT  of  contorted  and 
cleaved  rock  terminated  by  a 
cliff  in  the  foreground ;  on  Uie 
face  of  the  latter  we  see  both 
the  folds  of  the  rocks  and 
also  the  edges  of  the  planes 
of  deavage,  which  are  de- 
noted W  the  fine  vertical 
linee.  The  trend  of  the  cleav- 
age planes  is  shown  across 
the  oountry  by  continuationa 
of  these  linee,  and  the  direc- 
tions of  the  axes  of  the  folds 
by  the  range  of  the  several 
beds  as  they  come  one  by  one 


6 


•    W«   D 


tigbt  «t  th«  poanbility  of  galmiio 

•tructort.  8m  Uie  anMnimanb 
of  Ht.  B.  W.  Fox  ud  Hr.  T. 
iatitu,  B«poita   of   Uie   fiojal 


FolTteelmia  Soo.  of  ConiwtU, 
No.  6,  1817,  p.  6ft,  ud  No.  6, 
IBSB,  p.  16S;  and  of  Ur.  B. 
Hnnt,  Momoin  of  tha  Oeologksl 
BarrajofEiigkiul,!.  433. 
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to  the  sorfaoe:  and  these  two  directioiia  have  the  eame 
bearing. 

Now  the  preaBure  that  produced  the  folding-  must  have 
acted  perpendicular  to  the  axes  of  the  folds,  in  the  direc- 
tion ahown  by  the  anowB  at  each  side  of  the  diagram :  and 
since  the  axes  of  the  folds  and  the  cleavaee  planes  run 
parallel  to  one  another,  this  is  the  same*  thing;  as  saying 
tliat  the  cleavage  planes  are  perpeodicular  to  tbe  pressure, 
M  which  the  bendmg  of  the  rocks  show^  them  to  have  been 
subjected. 

Tlie  cleavage  planes  are  smoother,  truer,  more  regular, 
and  closer  together  in  finely  grained  homogeueous  rocks 
than  in  those  of  coarse  composition.  Thus  in  Fig.  27  the 
dotted  beltfl  are  coarse  and  sandy,  the  tinted  beds  fine 
slate  J  the  deavage  planes  when  they  enter  the  former 
become  irregular,  are  sometimes  deflected  a  little,  and 
sometimes  lost  altogether,  as  in  the  very  coarse  bed  at  the 
bottom.* 

The  student  must  not  confound  the  cleavage  of  rocks 
with  ihat  of  crystals.  The  two  have  points  of  resemblance, 
so  much  so  that  it  was  once  conjectured  they  might  be  due 
to  the  same  cause.  But  they  are  essentially  dilferent,  the 
one  being  a  result  of  mechanical,  the  other  of  molecular 
forces. 

Joiatijtg, — Borne  rocks,  which  go  bv  the  name  of  Free- 
stones, can  be  cut  with  equal  ease  in  aB  directions  perpen- 


dicular to  their  planes  of 

•  On  CleaTsge,  lea  SedgwiA, 
TranmctionBGeol. 800.  of  London, 
2Dd»erie«,Tol.iii.  p.«e ;  Hogen, 
TiaiuactioiiB  of  tbe  Royal  Boc.  of 
Edinburgh,  ni.  147  ;  Baur,  Eare- 
teni  u.  T.  Decbens,  Arcliiv,  zx, 
398  ;  Fbilli|«,  Bepotta  of  Brilish 
AHooialioo,  ISIS,  p.  SO ;  1867, 
p.  386 ;  Dtu-mn,  OetJogical  Ob- 
■OTvslions   on    South     ' '- 


eof  t 


Tyndall,  Phil.  Hor.,  iOi  geiiea, 
Tol.xii.p.  36sndl2B;  HanghLon, 
ditto,  p.  109 ;  D.  Forbes,  Fopulsr 
Science  Keview,  1870,  p.  S.  It 
will  be  aeen  bv  reference  to  the 
above  pttpera  Umt  the  steps  by 
which  a  knpoUdge  of  the  canfe 
of  cleaTsge  wae  arrived  at  wore 
aa  fallows  : — Fiiet,  the  discovery 
of  the  pNialleliim  between  the 
rbap.  vi.  ;  Rogers,  Edinbu»:h  strikeof  the  beds  and  that  of  the 
New  Phil.  Joamal,  vol.  xxnii.  cleavage  planes;  lecondlv,  tbn 
p.  144;  Bbatpe,  Qiiait.  Jouin.  observation  of  Qie  flalt«niDg  of 
OeoL  Soc.  of  Lmidon,  vol.  iii.  p.  fbeailsand  paiticlea  perpendicnlar 
74,  vol.  T.  p.  Ill;  FbiL  Tnuu-      to  the  cleavage  pluiee;  thirdly, 

oetioM,  vol.  olziL  P-^fG;  Hop-      theaitifir"'  —-'--•' '  '--- 

kim,  Cambrii^  FhiL  Trani- 
■otioTH,  TJii.  4S6;  Borby,  Edin- 
buts:b.  Mew  Pbil.  Joum.  vol.  Iv. 
p.  137;  PbiL  Mag.  4tli  eenee, 
vol.  xi  p.  20,  vol.  xiL  p.  127 ; 


Mivage  pi 
ial  prodn 


[notion  of  cleav- 
The  unngemeat  in  the 
t^t  hsa  beiin  adopted  becnoee  it 
■aemed  to  bring  out  the  logicnl 
■tepi  in  tbg  trsin  of  reasoning 
better  thanliie  order  of  dijcovary. 
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BO  Tftiuable,  Uiat  it  is  deeirable  in  vorking  them  to  extract 
the  blocks  as  near  as  may  be  of  the  size  and  shape  as 
will  be  wanted,  and  bo  save  loss  in  dreesing.  In  this  case 
the  quarryinaa  cuts  out  the  pattern  of  his  stone  by  picking 
out  a  shallow  groove  on  a  plane  of  bedding :  into  this 
groove  he  inserts  short  thick  wedges,  and  by  driving  these 
down  produces  cracks,  perpendicular  to  the  planes  of  bed- 
ding, oj  which  the  block  is  detached.  But  if  the  only 
object  is  to  get  stone  out,  without  being  particular  as  to 
the  size  and  shape  of  the  blocks,  all  this  trouble  may  be 
wred,  for  nature  has  in  most  cases  provided  cracks  ready 
to  hand  of  exactly  a  similar  kind. 

These  planes  of  division,  which  are  found  in  all  rocks 


Vig,  30. — QoABav  IN  JoiNTiD  Bock. 

that  have  been  to  any  extent  consolidated,  are  known  as 
"joinit."  By  means  of  them,  and  the  planes  of  bedding  if 
the  rock  be  bedded,  it  is  cut  up  into  ready-made  blocks, 
whose  size  and  shape  depend  on  the  arrangement  of  the 
bedding  and  joint-planes.  Joints  are  noticeable  in  quar- 
ries, because  in  most  eases  the  stone  is  worked  off  along 
these  natural  cracks,  and  they  come  to  form  the  walls  of 
the  excavation ;  they  also  often  form  the  faces  of  natural 
crags,  cliffs,  and  precipices. 

Fig.  30  shows  a  q"'"T7  where  the  joints  are  very  regular 
and  conspicuous.  The  nearly  horizontal  lines  are  the  edges 
of  the  planes  of  bedding.  The  faces,  on  which  the  light 
falls,  are  mode  by  a  set  of  joints  nearly  parallel  to  another, 
whidt  traverse  the  body  of  the  ^ock  with  great  uniformity 
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of  trend ;  sno&er  set  of  joints,  also  regular  and  parallel  to 
eadi  otliei,  \ia%  at  right  angles  to  the  first  set,  form  the 
faooB  in  sh'-Jow. 

Ji  luting  of  this  regular  diaracter  ie  mostly  found  in 
lurd  rocks  of  ttomogeaeous  oompoeitioa,  euch  as  Limestones 
and  thickly  bedded  Sandstones.  There  are  in  auoh  cases 
usually  tvo  sets,  the  joints  of  each  being  roughly  parallel 
to  one  another,  and  tne  boaring  of  one  set  is  genenlly  not 
far  from  perpendicular  to  that  of  the  other  set.  As  a  rule 
one  set  ie  characterised  by  greater  regularity  of  direction, 
and  by  its  j  oints  being  continuous  for  longer  diatanoee,  than 
the  o^er  set  The  more  regular  aet  generally,  in  the  case  ' 
of  bedded  rocks,  ranges  parallel  to  the  strike  and  the  other 
set  to  the  dip*  of  the  boos. 

Joiata,  which  keep  the  sanLO  direction  for  long  distaxtces 
and  run  through  a  great  thickness  of  beds,  are  called 
"Uaster  Joints." 

But  in  many  cases  joints  show  no  such  symmetrical 
anaugem^it  as  that  just  described.  They  cross  each  other 
in  all  directions,  change  their  bearing,  and  instead  of  rnn' 
ning  through  a  great  thickness  of  beds,  are  confined  to  one 
bed,  or  chuigo  their  inclination  and  direction  in  passing 
from  bed  to  bed.  We  also  find  frequently  joints  running 
in  more  than  two  directions,  which  out  up  the  rock  into 
prismatic  masses  having  a  trianaular  or  polygonal  section  : 
it  is  by  joints  of  this  character  tuat  the  atrUung  columnar 
structure  of  Baaalt  is  produced.  The  instances  of  the 
Oiant  Causeway  and  StaiFa  are  familiar  to  everybody.  But 
we  shall  return  to  this  in  Chapter  VI. 

The  faces  of  most  joints  are  approximately  plane,  but 
we  occasionalh^  find  joints  with  curved  faces,  ^vmg  rise  to 
masses  of  rock  with  an  outline  like  that  of  Uie  side  of  a 
ship. 

Jointed  structure  is  shown  perhaps  nowhere  eo  distinct^ 
as  in  some  kinds  of  Coal.  If -a  block  of  Coal  be  examined, 
it  will  usually  be  found  to  be  divided  into  a  number  of 
laminse  by  planes  parallel  to  the  upper  and  under  surfaces 
of  the  bed :  the  bed  splits  readily  uong  these  planes,  and 
the  surfaces  of  the  Ituuinte  are  genendly  dull,  soft,  and 
sooty :  but  the  block  will  also  be  found  to  be  cut  across  by 
two  other  sets  of  parallel  planes  of  division,  perpendicular 
to  the  bedding,  and  rougUy  perpendicular  to  one  another, 
and  the  surfaces  of  theae  planes  are  brighter  and  smoother 
than  those  of  the  laminte.  The  planes  of  one  set  are  more 
*  For  til  explanation  of  these  tonna^  «ee  Chapter  ix. 
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regular,  true,  and  perfectly  formed  than  those  of  the  other 
set.  In  some  caaee  these  three  sets  of  divisional  planes  cause 
the  bed  to  break  ap  into  BmaU  cabioal  blocks  of  bo  re^^ar 
a  shape  as  to  friTe  one  the  idea  that  the  Coal  is  really  crys- 
tallised,  such  Coal  is  known  as  "Dicey  Coal."  There  is 
a  limit  bowerer  beyond  which  the  subdiTision  cannot  be 
carried,  and  this  is  not  the  esse  with  truly  oryBtallised 
substances ;  end,  though,  may  be,  it  is  not  always  possible 
to  say  where  jointing  ends  and  crystallisation  begms,  it  is 
safer  to  look  upon  this  stnicture  as  jointing,  wnich  has 
been  rery  completelj  and  minutely  carried  out  because 
the  Coal  is  of  fairly  nniform  composition  throughout. 
The  more  regular  set  of  joints  is  known  as  "the  face," 
"slyne,"  "cleat,"  or  "bord;"  and  the  other  set  as 
"  the  end."  The  oompass  bearing  of  the  face  often 
remains  exactly  the  same  over  very  large  areas.  This 
structure  is  of  the  utmost  assistance  in  vorking  Coal ;  the 
main  roads  or  galleries  are,  whenever  it  is  practicable, 
driTcn  along  the  *'  bord,"  and  the  cross  cuts  which  connect 
them  alone  the  "end,"the  first  being  called  "bord  gates," 
the  seoond  "endings:"  in  some  cases  it  is  necessary  to 
drive  Mret»  the  "  face,"  but  such  an  operation  involves  an 
increase  of  labour  and  expense,  because  the  walls  of  the 
road  are  no  longer  formed  by  natural  planee  of  division, 
but  have  to  be  hewn  across  solid  Coal. 

No  veiy  aatisfactoiy  e^lanation  has  yet  been  given  of 
the  cause  which  produced  jointing.  In  some  cases  per- 
haps joints  ore  ot  the  nature  of  shrinkage  cracks,  caused 
by  the  contraction  of  the  rock  as  it  dried,  hardened,  or,  in 
the  case  where  it  consolidated  from  a  fused  state,  oooled; 
something  in  fact  like  the  cracks  seen  on  the  surface  of 
recently  dried  mud,  or  the  cracks  which  are  so  liable  to 
ruin  k^lge  castings  in  metal. 

The  force  that  produced  jointing  must  in  some  cases 
have  been  veir  considerable.  In  some  Conglomerates 
the  hardest  pebbles  are  cut  through  by  joints,  as  neatly  as 
if  they  had  been  sliced  by  a  lapida^s  wheel ;  and  &is 
occasionally  ocouis  where  the  matrix  has  been  very  slightly 
consolidated.     It  can  hardly  have  been  contraction  that 

froduced  these  joints,  for  the  result  could  have  been 
rought  about  only  by  some  force  which  found  it  easier  to 
divide  a  pebble  than  to  draw  it  out  of  the  matrix.  It  is 
open  to  question  whether  divisional  planes  of  this  kind 
are  not  akin  to  cleavage,  and  whether  it  is  always  possible 
to  distingaiah  with  certainty  between  jointing  and  deavage. 
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There  is  also,  as  we  liave  noticed  in  the  case  of  Coal, 
BOiaetim.ee  a  resemblance  between  very  minute  jointing 
and  the  deavage  of  ciTBtallised  subBtances ;  the  two  how- 
ever may  be  diHtinruished  in  this  way :  there  ia  no  limit 
to  the  extent  to  which  cleaved  cryataU  may  be  again  and 
again  aabdivided ;  however  small  for  instance  may  be  the 
rhombohedron  of  Caldte  we  have  obtained  by  cleaving  a 
oryBtalliAed  maea  of  that  mmeral,  we  can  always  break  it 
Qp  into  eimilar  amaller  rhombohedronB,  and  we  can  carry 
on  this  process  of  subdiviBion  till  the  leaulting  crystals 
cannot  be  recognised  even  by  our  most  powerful  micro- 
Bcopes,  and  then  see  no  reason  to  think  we  have  reached  a 
linut;  but  however  close  or  numerous  may  be  joints,  we 
always  arriTe  sooner  or  later,  as  we  go  on  subtuviding  a 
jointed  rock,  at  a  piece  of  finite  size  with  no  more  joints 
in  it.  Still  however  in  some  rocks,  which  consist  l^^ly 
of  a  mineral  which  crystallises  readily,  the  tendency  of 
that  mineral  to  assume  a  definite  form,  may  have  had 
something  to  do  with  the  direction  of  Uie  joints,  and  caused 
them  to  arraiige  thems^vee  rudely  parallel  to  the  faces  of 
that  form.  Thus  in  the  well-known  Sandstone  of  Fon- 
tainebleau,  which  oonsista  of  Sand  cemented  by  Carbonate 
of  Lime,  the  tendency  of  the  latter  to  crystallise  in  rhombo- 
hedronB has  given  rise  to  a  series  of  joints,  which  divide 
the  rock  into  rhombohedral  masses  having  the  same  angles 
as  the  fundamental  form  of  Caldte :  but  these  masses  can- 
not like  the  Calcite  crystal  be  indefinitely  subdivided  into 
piTTiiTfir  rhombohedrons.* 

On  the  subject  of  jointing  the  reader  may  consult  the 
following  papers : — 

Sedgwick  ;  Transact.  GeoL  Soc  of  London,  2nd  ser. 
Tol.  iii.  461. 

FhiUips  :  Beports  of  British  Association,  1834,  p.  654. 
,,  Transact,  of  Gteol.  Soc.  of  London,  v(j.  Hi.  p.  1. 
„  Phil.  Mag.  and  Annals,  vol.  iv.  p.  401. 

Hopkins :  Beport  of  British  Association,  1836,  p.  7S. 

De  la  Beche  :  Geolc^cal  Observer,  p.  716. 

Harknese :  Quart.  Joum.  QeoL  Soc.  of  London,  vol.  xv., 
p.  87. 

Haughton :  Phil.  Transact.,  voL  cxlviii.  p.  333. 

The  Oeoloay  of  North  I>erbyshire  and  the  adjoining 
parts  of  *ForKshire  (Uemoirs  of  the  Geological  Survey  of 
England),  p.  143. 

*  See  Nannuuui'*  Lehtlracb  eccM;  sl«o  Qagn,  Keport*  of 
d«r  OeognoMcv  L  4Sfi,  lot  ittac-     Britith  AuMution,  ISSS,  p.  207. 
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ExplanadoDB  of  Bheeta  114,  122,  123,  and  1S4  of  the 
mapB  of  tlie  6eol.  Survey  of  Ireland. 

Coacrations. — Balls,  lumps,  or  nodules,  of  different 
oompoBition  from  the  rocks  in  wbicli  they  are  fonnd,  are 
conunoa  in  manj  rocks.  Thej  are  quite  dietinot  from  the 
pebbles  in  conglomerates,  whidh  were,  at  the  time  of  the 
formation  of  the  rock,  [pebbles  just  as  they  are  now.  The 
balls  we  are  now  speakms  of  have  been  formed  since  the 
rock,  in  which  they  are  embedded,  was  depMited :  we  know 
this,  because  in  many  cases  the  lines  of  bedding  of  the  ad' 
joining  rock  can  still  be  traced  running  through  the  nodule, 
as  in  ^g.  3 1 ;  and,  in  the  case  of  fine  clayey  rocks,  the  lamines 
do  not  bend  up  round  the  nodule,  as  would  have  been  the 
case  if  it  had  lain  as  a  lump  at  the  bottom  of  the  water 
from  which  the  Bediment  was  Uirown  down.  Nodules  of  this 
kind  are  of  various  shapes  i  *  sometimee  spherical,  at  others 


of  fantastic  forma,  but  always  with  a  rounded  outline : 
sometimes  they  are  ntade  up  of  a  number  of  concentric 
coats,  like  an  onion  ;  sometimes  they  have  a  radiated 
structure,  t.a.  they  consist  of  long  slender  fibres  radiating 
from  a  common  centre  ;  sometimes  the  concentric  ana 
radiated  structures  occur  together,  A  very  common  form, 
known  as  a  Septarium,  shows  inside  cracks  and  cavities, 
largest  towards  the  middle  and  not  extending  to  the 
sunace,  filled  up  with  a  crystallised  mineral.  It  very 
frequently  happens  that  in  me  middle  of  a  nodule  there 
is  a  shell,  plant,  fish,  or  grain  of  sand :  and  the  shape  of 
this  nucleus  has  evidently  determined  the  external  form  of 
the  nodule. 

The  arrangement  of  these  nodules  generally  bears  some 
relation  to  the  stratification,  and  freqaently  they  are 
grouped  aU)ng  the  planes  of  bedding,  probably  bwause 
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c«Tt&iii  beds  oontuned  the  ingredients  neceflsarj  for  dieir 
formation,  wHle  other  beds  did  not. 

As  instances  of  concretions  we  moj  ntention  Flints  in 
Chcdl,  and  tKe  balls  of  Iron  Pyrites  and  of  Clay-ironstone 
which  are  common  in  clayey  strata. 

The  fact  that  nodules  hare  been  formed  since  the  depo- 
sition of  the  rocks  in  which  they  are  inclosed,  and  that 
the^  hare  in  many  eases  been  moulded  round  some  body 
which  now  forms  their  heart,  leads  us  to  the  conclusion 
that  the  matter  of  which  they  consist  was  once  dissemi- 
nated through  the  body  of  the  rock  in  which  they  occur, 
and  has  been  afterwards  separated  out  and  gatheied  into 
beJls.  We  can  even  in  some  cases  trace  to  a  certain 
extent  the  steps  of  the  process.  The  early  stages  seem  to 
be  marted  by  extended  lines  of  flattened  nodules,  form- 
ing broken  beds :  a  further  concentration  of  the  segre- 
gated matter  gave  rise  to  luinpe  more  spherical  in  shape ; 
and  occasionaltf  a  contraction  of  the  interior,  after  an  out- 
side solid  crust  had  been  formed,  produced  the  cracks  of 
the  Septaria,  in  which  percolating  water  deposited  a  ci^s- 
tallised  lining.* 

There  can  be  little  doubt  that  the  explanation  just  aiTen 
of  the  method  of  growth  of  concretions  is  true  of  Chalk 
Flints.  From  what  is  known  about  the  state  of  the  pre- 
sent bed  of  the  Atlantic,  it  is  probable  that,  side  by  side 
with  the  calcareous  Foraminiiera,  which  furnished  the 
material  for  the  Chalk,  there  Eved  sihceous  Poraminifera, 
Sponges  with  siliceous  spicuhe  and  framework,  and  other 
siJica-extracting  animals.  The  bard  parts  of  oU  these 
creatures,  calcareous  and  siliceous  alike,  accumnlsted  on 
the  sea-bottom,  and  produced  a  caloaioous  ntud,  with  which 
siliceous  particles  were  intimately  mixed :  at  some  after 
period  the  siliceous  element  was  separated  out  from  the 
mixture  and  aggregated  into  balls,  a  sponge  or  some 
other  body  often  furnishing  a  centre  round  which  the 
agCT^ation  took  place. 

It  has  been  observed  in  laboratory  experiments  that, 
when  different  substances  in  a  state  of  fine  division  are 
mechanically  mixed  together,  certain  of  them  do  separate 
out  and  congregate  together  into  nodular  masses,  f  and 
it  has  been  noticed  that  nodules  are  being  formed  in  the 
same  way  in  some  rocks  now  in  the  course  of  deposition. 
It  is  usual  to  speak  of  this  process  as  Concretionary  Action. 

*  Ba  la  Beoha,  £eMBj;chei  in  +  Babba^,  Economy  of  Uanu- 

Theoratical  Qeology,  p.  M.  bctarai,  2nd  sd.  p.  SO. 
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There  is  no  objection  to  be  raised  to  this  phrase,  and  it,  or 
some  similar  term,  may  be  safely  and  conTeniently  used  to 
express  the  fact  that  oertain  m&tters  have  been  separated 
out  of  the  body  of  a  rock  and  collected  together  in  balls, 
piorided  always  we  bear  carefully  in  mind  that,  by  giving 
the  procees  a  name,  we  do  not  get  any  nearer  to  under- 
standing the  manner  in  which  the  leenlt  has  been  brought 
about.  If  any  one  asks  us  what  made  the  nodules,  we 
may,  if  we  like,  say  Concretionary  Action ;  but  if  the  awk- 
ward question  is  put,  what  is  Concretionary  Action,  we 
should  be  somewhat  puzzled  for  an  answer.  We  know 
&B,t  one  of  the  ingredients  of  a  mixture  has  been  extracted 
from  the  surroundings  and  gathered  into  lumps :  how 
exactly  this  was  done  we  don't  know.  The  term  m  fact  is 
only  a  way  of  stating  our  ignorance ;  and,  unless  due  pre- 
caution be  taken,  a  somewhat  dangerous  way,  because  to 
certain  minds  it  looks  Uke  an  explanation. 

Concrstloiuury  Btraotor*  in  Rook*. — Bocks  them- 
eelvee  sometimes  put  on  a  concretionary  structure  on  a 
laive  scale. 

A  daseical  instance  is  the  Afagneaian  Limestone  of  Dur- 
ham, described  by  Prof.  Bedgwii^.  This  rock,  in  the  neigh- 
bourhood of  Sunderland,  is  entirely  made  up  of  rounded 
nodular  masses,  and  when  these  are  looscnea  by  weather- 
ing, it  has  the  look  of  a  pile  of  rudely-shaped  cannon-balls. 
So  complete  is  the  separation  into  nodules  that  the  rock 
might  be  mistaken  for  a  eon^omerate,  if  it  were  not  that 
the  lines  of  bedding  can  still  be  traced  running  through 
the  balls  and  the  body  of  the.  rock  alike.* 

Fig.  32  shows  a  case  of  large  concretions  in  Sandstone, 
where  the  process  seems  to  have  been  imperfectly  carried 
out. 

Some  of  the  most  striking  instances  of  concretionary 
rocks  occur  among  those  which  have  consolidated  from  a 
fused  state.  These  will  be  noticed  under  the  description 
of  snch  rocks. 

Oolltio  Stmotnra. — There  is  another  somewhat  allied 
structnre,  which  may  be  noticed  here. 

Many  rocks,  eepeoally  limestones,  are  made  up  of  rounded 
partides  vaiying  in  size  from  a  pin's  head  to  a  pea.  There 
IS  generally  some  little  foreign  body,  a  grain  of  sand  or  a 
fragment  of  shell,  in  the  middle  of  each  ball,  round  which 


91  and  46  j.  Se«til«oDelBBeche,      inaUuice. 
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agsregation  has  taken  place.  Sucli  rocks,  when  the  gn- 
nules  are  small,  are  called  Oolites  or  Boestonee  from  ^ir 
resemblance  to  the  roe  of  a  fish  r  the  coarser  Torieties  are 
called  Pisolites,  or  Feastonoa.  We  have  already  mentioned 
that  this  etructure  has  been  observed  in  Limestones  now 
forming  on  the  beaches  of  Coral  islands  out  of  the  debris  of 
Coral  rock.  In  some  cases  it  is  possible  to  watch  the  way  in 
which  little  grains  act  as  nuclei,  and  become  coated  over 
with  Buccesetve  shells  of  Carbonate  of  Lime,  and  so  enlarged 
into  minute  concretions.*  In  such  cases  the  aggregation  of 
the  mineral  goes  on  at  the  same  time  as  the  formation  of 
the  rock,  and  the  concretions  formed  differ  in  their  mode 
of  growth  from  those  in  which  the  process  of  separation 
and  aggregation  took  place  after  the  formation  of  the  rock 


Fig.  32.— COHCKBTIOHXHT    6llII.*CTVBB    IH    CJAKDBTOKE. 

Ssoretionaxy  Vodnlas. — There  is  a  class  of  nodules 
which  it  ie  desirable  to  distinguish  from  concretions, 
because  they  have  arisen  in  a  different  manuer.  Like 
some  concretions  they  are  rounded  and  consist  of  concentric 
coats  ;  but  when  they  contain  a  hollow  space  inside,  as  is 
often  the  case,  its  w^Is  are  frequently  lined  with  crystals 
having  their  vertices  or  bright  foces  tartud  inward).  This 
last  f)tct  shows  that  the  formation  of  such  nodules  has 
gone  on  from  tcUhout  tnteardt,  whereas  concentric  concre- 
tions were  formed  in  the  opposite  direction,  by  the  succes- 
sive growth  of  coat  over  coat  from  a  central  nucleus  out- 
Nodules  of  this  dasa  may  be  called  Secretionar^  or 
Incredonary :  they  have  been  formed  by  the  deposition  of 

*  D&na,  Corsli  and  Corsl  Islsnds,  p.  1S3. 
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mineral  m&tter  from  peroolating  water  in  hollow  spaces  in 
locke :  the  first  coat  was  Laid  down  on  the  waDs  of  the 
caTitj,  npon  the  inner  snrface  of  this  another  ooat  was 
depoeite^  and  eo  the  growtli  of  the  nodule  has  gone  on  in 
the  direction  just  mentioned.  Agates  are  a  oommoa 
instance  of  thiB  dasa  of  nodules. 
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CHAPTER  V. 

DBFimnoS  ASS  OLASBIFICATION  OF  DSRIVATIFM 
aOOZSi  ASD  SOW  FBOM  A  STUDY  OF  TSSIS 
CSARACTSBB  WB  GAS  DSTSRSISS  TSS  FSTStCAL 
QSOa&AFST  OF  THE  BASTS  AT  DIFPSaSST  FESIODS 
OF  ITS  FAST  SI8T0&T. 


OUK  task  in  the  last  chapter  was  to  inquire  how  the 
waste  reaultinff  from  deoudatioD  is  diapoeed  of.  We 
found  that  bj  far  the  la^er  part  of  it  ia  ultunatdy  laid  out 
on  ihe  floors  of  bodies  ofetill  water ;  and  that  the  deposits 
now  forming  in  t^'i'^  manner,  though  thoy  differ  from  one 
another  in  many  respects,  all  agree  in  poBseseing  a  bedded 
or  stratified  structure.  We  hare  already  learned  that  a 
large  class  of  the  rocks  of  the  earth's  crust  ai«  characterised 
by  a  like  bedded  arrangement. 

Here  then  we  had  one  point  of  resemblance  between 
certain  rocks  and  deposits  now  in  the  course  of  formation, 
and,  when  we  came  to  examine  the  latter  more  in  detail,  it 
was  seen  that  the  agreement  between  the  two  was  not  con- 
fined to  bedding ;  in  fact  as  each  kind  of  modem  deposit 
was  passed  in  review,  we  were  able  to  point  to  some  one  or 
more  of  the  rocks  of  tiie  earth's  crust,  feom  which  it  differed 
in  no  respect  whatever,  except  in  certain  cases  that  of  con- 
solidation. 

We  were  thus  irreeifitibly  led  to  the  conclusion  that 
bedded  rocks  were  formed  in  exactly  the  same  way  as  those 
modem  depoeits  from  which  they  differ  in  no  essential 
respect.  Having  now  leamed  how  bedded  rocks  were  pro- 
duced, we  can  substitute  for  our  former  threefold  aub- 
division  of  them  into  Arenaceous,  Argillaceous,  and  Cal- 
careous, a  more  complete  classification,  which  will  have 
respect  not  only  to  what  these  rooks  are  made  of,  but  to 
tho  way  in  wfaidi  they  were  formed. 
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DarivatiTC  Books  and  tlisir  Claasiflcatioii. — The 

Tockfi  liitherto  treated  of  owe  their  origin  directlv  or  isdi- 
rectly  to  denudation,  and  hence  the;  may  be  ul  classed 
together  as  "  Derivative," 

we  may  subdivide  them,  aooording  to  the  maimer  of 
their  formation,  into — 

1.  UechcuiicaUy  formed. 

2.  Chemically  formed. 

3.  Oi^ianically  fonned. 

The  first  are  formed  of  meohanioally  transported  sedi- 
ment :  the  second  and  third  out  of  the  matter  carried  down 
in  eolutiDn,  which  is  sometimes  precipitated  chemically, 
and  sometimes  extracted  by  the  agency  of  nninnilB  or 
plants. 

If  we  look  to  the  etreuButaneM  under  which  Derivative 
Bocks  were  formed,  we  may  class  them  as  follows : — 

1 .  Marine :  formed  beneath  the  waters  of  the  sea. 

2.  Estuatine :  formed  at  the  meeting  <^  fresh  and  salt 
waters. 

3.  Lacustrine :  formed  in  inland  bodies  of  water. 

4.  Terrestrial:  formed  on  land. 

Under  the  first  head  we  shall  have  to  distingmsh  between 
Littoral  deposits,  or  those  formed  near  the  shore :  the 
deposits  laid  down  on  parts  of  the  sea-bottom  rmnote  from 
land,  but  still  near  enough  to  it  to  receive  mechanical  sedi- 
ment, which  may  be  called  Tkalauie;  and  tbose  produced 
at  ^ote  so  far  from  land  that  little  or  no  mecnanically 
earned  sediment  finds  ita  way  to  them,  which  may  be 
called  OeMttie. 

There  will  be  two  classes  of  La^oBtrine  deposits,  those 
formed  in  fresh,  and  those  in  salt  water. 

Terrestrial  deposits  are  formed  mainly  by  atmospheric 
weathering,  by  wind,  by  vegetable  growui  and  decay,  and 
by  the  action  of  ice. 

The  fossil  remains  of  animals  and  plants  preserved  in 
rocks  often  give  a  clue  to  the  dronmstances  under  which 
tiie  latter  were  deposited.  The  study  of  fossils  or  Falteon- 
toiogy  will  form  the  subject  of  a  future  chapter,  but  we 
shaU  point  out  here  the  aid  they  give  in  the  matter  of  our 
present  inquiries. 

The  foregoing  considerations  lead  us  to  some  such  broad 
general  clusification  of  the  Derivative  Socks  as  is  given  in 
the  following  table.* 

*  Compare  Oeologictl  Hagtudne,  v.  S03. 
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CLAflSITICATIOir  OF  DbBIVATIVS  BoCSS. 
Littonl,  HediuucftL 

Sandy  and  coarM. 
Tuiable  in  horisonUl  range  and 
imgnlarly  bedded. 
Ex.  ConglonuEatai  and  Coane  Sand- 

Thalauit.  Mechanical,  or  mixed  macbanical 

and  organic 
Clayey  BLd  flue. 

Constant  for  lane  horixontal  dia- 
tancea  and  reguaily  bedded. 
Bx.  Fine  Sanditoiies,  Bhalea,  and  in- 
pore  Limeitonea. 
Ommit.  OiHanie. 

Calcanoiu. 

Often  of  ^reat  horizontal  GxtMkt- 
Ex.  Pare  Idmeatone. 

Altered  Organic  depoaitt. 
Ex.  Atlutio  Bed  Mod. 

Mechanical. 

Sandy  and  clajiey  Bocks,  and  im- 
pure Limeatonea. 

Irngular  bedding  with  frequent 
changes  in  mineral  oomposition. 

Altenationi  of  marine,  braddih, 
and  freah-irater  beds.  Marine 
fiMaila  often  dvatfad. 

Mainly  eandy  and  clayey  beds  and 
impnre  Limeetooei  of  mechanicul 

Organic     m     aemi^o^^anic    occa- 

nonally. 
Some  chemical  precipitates  of  Car* 

bonate  of  Lime  and  Silica. 
Chemical  Precipitatt«.  looh  as  Rock 

Salt,  QTpaam,  and  DolomHe,  oon- 


mechanical  deposits. 
Fonils    rare,    sometimes    ttttoted 
and  deformed  marine  forms. 

[Iftcimieal.  From  atmosplieric  wea- 
tbering,   B&inwash,   tiareae,   Old 
Sfsls.      From     wind    (.J^iluui). 
Blown  Sand. 
Organk.    Mainly  of  vegetable  ori- 
giii,  as  Coal.*    Animal  depoata  of 
Gquio. 
A'.J).— Bepoeits  formed  by  the  aid  of  ice  are  omitted  from  the  above 
table  for  re«Mns  given  on  p.  182. 

*  It  ia  very  oonvsnient  to  put      have    ecarcely   a   right   to  the 
theee  Mcke    lure,    though  uey      place,  unkv  ws  ateetch  a  point 
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One  word  of  warning  about  tlie  last  oolumn  of  the  above 
table.  Its  object  is  not  to  specify  eveir  single  one  of  the 
different  kinds  of  rock  vbich  are  aomewnere  or  other  to  be 
mot  vitb  in  each.  aubdiTision ;  but  to  point  out  tbose  widely 
preralent  forms,  which  give  to  each  group  its  peculiarly 
oistlnatiTe  stamp.  Thus  no  mention  is  made  of  deposits  of 
a  semi-organic  character,  such  as  beds  of  Oyster  shells, 
which  occur  in  the  Littoral  zone ;  nor  of  the  rare  mechanical 
and  still  rarer  chemical  deposits  in  the  Oceanic  area ;  be- 
cause eases  like  these  ore  of  the  nature  of  local  and  sub- 
ordinate accidents,  which  do  not  from  a  broad  point  of  view 
affect  tlie  prevailing  character  of  any  one  ot  the  ^upa. 
It  is  the  latter,  and  not  mere  accidental  socompamments, 
that  we  look  to,  when  we  want  to  find  oat  the  drcum- 
atanoea  under  which  any  given  mass  of  rocks  were  formed. 

Importanoa  of  leanting  th*  Condltioui  under 
vUeh  Books  woro  fbnaed. — The  great  value  of  a  classi- 
fication like  that  just  attempted,  as  compared  with  an 
arrangement  of  rocks  depending  on  mineral  composition 
alone,  is  this ;  it  speaks  to  us  of  matters  of  far  greater 
import  than  chemical  and  mineialogicai  constitution,  for  it 
Bsaerts  that  rocks  have  not  always  existed  as  we. see  them 
now,  and  it  assigns  to  each  kind  of  rock  the  cause  and  oon- 
ditiona  of  its  formation.  And  it  is  not  till  we  have  got  to 
this  point,  that  we  realise  what  the  real  aim  and  end  of  all 
geological  work  is ;  that  it  is  not  merely  to  tell  ns  what 
rocks  are  like,  but  to  enable  us,  when  we  look  at  a  rock,  to 
sayhow  and  where  it  was  formed. 

when  we  can  do  this  Gteology  becomes,  not  a  mere  oata^ 
logue  of  dry  descriptions,  but  a  nistory ;  and  we  learn  to  look 
upon  rocks  as  the  p^^es  of  a  volume,  on  which  is  written  an 
account  of  what  weis  going  on  while  they  were  being  formed. 
The  student,  who  knows  no  more  of  Qeology  Ih&a  he  has 
picked  up  from  the  preceding  pages,  will  have  begun  to 
realise  that  every  rock  has  a  story  of  its  own  to  tell,  and 
fumiahee  to  any  one,  who  can  read  its  tale  aright,  a  record 
of  what  was  the  physical  condition  of  the  spot,  on  which  it 
is  found,  at  the  time  of  its  formation.  Now  in  studying 
the  physical  condition  of  the  earth  at  present,  we  do  not 
confine  our  attention  to  any  single  one  of  He  physioal 
divisions,  its  land  surfaces  for  instance  or  its  oceans ;  but 
we  strive  to  learn  all  we  can,  alike  about  the  diy  land,  the 
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Bh&llow  P^rts  and  more  profcnmd  depths  of  the  ocean,  the 
lakes  and  inland  eeas,  and  in  short  about  every  one  of  the 
varied  features  and  modifications  of  it«  eurfaoe.  It  is  the 
aim  of  Qeolog7  to  furnish  us  with  like  detailed  information 
about  the  earth  as  it  was  during  past  ages ;  and,  as  the 
only  documents,  so  to  speak,  from  wuich  we  can  draw  this 
knowledge,  are  the  ro^s  liiat  were  formed  during  those 
times,  it  is  of  the  first  importance  we  should  be  able  to 
ascertain  under  what  conditions  they  were  formed ;  because 
Terrestrial  rocks  tell  us  where  the  dtr  land  lay,  Littoral 
deposits  mark  the  shore  line.  Oceanic  beds  the  dm)the  of 
the  sea,  and  Lacustrine  formations  give  us  the  site  of  inland 
bodies  of  water.  It  is  only  when  we  have  been  able  to 
study  a  contemporaneous  suite  of  all  these  different  toraa 
c&  rocks,  that  we  can  arrive  at  a  knowledge  of  the  physical 
geography  of  the  eoith  at  any  past  epoch. 

We  wiU  therefore  give  up  this  chapter  to  an  explanation 
of  the  way  in  which  the  character  ci  a  rock  enables  us  to 
decide  on  the  conditions  under  which  it  was  formed ;  and 
BO  to  map  out  the  different  distributions  of  land  and 
water  which  have  existed  at  different  periods  of  the  earth's 
past  history. 

T«M>luBg  of  Olaeutl  FonuBtioiu.. — Under  each  one 
of  the  above  four  main  subdivisions  we  might  have  speci- 
fied one  or  more  memben  formed  by  the  action  of  ice. 
Thus  among  the  Oceanic  group  we  do  find,  though  but 
rarely,  boulders  dropped  from  icebergs ;  in  Thalasaic,  Lit- 
toral, Estuarine,  and  Lacustrine  beds  Boulder  Clays  and 
Glacial  Mud  are  met  with ;  while  Till  and  Uoraines  are 
important  items  in  the  roll  of  Terrestrial  rocks.  But  it 
will  be  better  for  our  present  purpose  to  look  upon  ice- 
formed  deposits  as  ooostitatiiig  a  separate  glacial  class, 
than  to  rank  them  as  subordinate  members  of  the  classes 
already  mentioned.  Our  object  in  the  present  chapter  is 
to  see  how  far  we  can  make  out,  from  a  study  of  any  given 
rock,  what  were  the  physical  conditions  that  prevailed 
when  that  rock  was  formed,  at  the  spot  where  it  occurs. 
Now  there  is  one  fact,  which  all  glacial  beds,  under  what- 
ever condidona  they  were  formed,  agree  in  indicating,  viz, 
the  prevalence  of  intense  cold ;  and  this  fact  is  of  far 
greater  importance  physically  than  the  consideration  whether 
they  were  terrestnal  or  subaqueous.  While  therefore 
these  latter  points  must  not  be  lost  sight  of,  the  most 
important  truth  to  be  gathered  from  glaicial  formations  is 
the  existence  of  a  severe  climate. 
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These  remarks  and  the  desoi^on  of  gkciol  foim&tions 
in  the  last  chapter  will  render  it  unneceasaiy  to  say  any- 
thjj^  farther  Bbont  them  in  this  chapter. 

We  win  now  pass  to  a  consideratioii  of  the  great  leading 
featuree  which  distingweh  each  of  the  sabdiviaions  of  our 
table. 

A. — Uarhtb  Books. 

Idttona  Boeka. — The  Littoral  nme  of  any  marine  area 
consists  of  two  parts,  the  belt  between  the  limits  of  high 
and  low  tide,  and  a  tract  of  shallow  water  beyond.  Over 
the  first  the  tides  and  hreaken  are  constantly  at  work 
grinding  down  material  detached  from  the  diSa  or  brought 
within  uie  range  of  their  action  by  rivers ;  the  bottom  of 
the  eeomd  is  broken  up  only  occasionally  during  very 
severe  stonns.  The  loose  matters  lying  on  the  lower  of 
these  belts  are  oooaskmally  transferred  from  it  to  the  iipper, 
but  it  is  on  the  latter  that  the  great  manufacture  cj  debris 
goes  on;  there  the  wear  of  the  waves,  as  they  advance  and 
retreat,  prodnoes  great  piles  of  shingle  and  accumulations 
of  sand.  When  these  are  swept  out  seawards  the  finely 
divided  parte  travel  far  before  they  reach  the  bottom,  but 
the  coarse  and  heavy  materials  smk  down  at  once  and 
become  heaped  up  in  long  banks  of  ehin^e  and  sand 
tanging  generally  parallel  to  the  coast  line.  Such  banks 
will  evidently  be  thickest  on  the  side  nearest  the  shore, 
and  will  thin  away  in  a  wedge-shaped  form  seawards. 
These  materitds  also  will  be  very  irregularly  stratified, 
for  the  currents  traversing  the  shallow  water  will  give 
rise  to  the  structure  already  described  as  currents  or  ttOse- 
bedding. 

Now  among  the  rocks  of  the  earth's  crust  we  find, Con- 

S*i>merttt««  and  oosrse  Sandstones,  which  resemble  exactly 
e  shore  deposits  of  the  present  day.  In  composition  they 
are  just  the  same;  they  have  the  same  wed^e-shaped  form, 
for,  though  they  may  be  followed  for  long  distances  in  one 
direotion,  we  find,  when  we  endeavour  to  trace  them  in  the 
direction  at  right  angles  to  tlus,  that  they  thin  out  rapidly 
and  become  replaced  by  beds  of  finer  grain.  They  also 
invariably  show  very  ezceeeive  onrrent-bed^g. 

Bocks  answering  to  this  description  then  give  us  the 
position  of  an  old  coast-line,  and  we  know  that  the  side  on 
which  they  are  thickest  was  the  landward  side,  and  that 
the  direction  in  which  they  thin  ou^  led  to  sea. 
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The  lOngh  usage  wliich  the  matflrialfl  of  such  rooks  hftve 
nndereone,  has  veiy  freqaeutly  prevented  any  remains  of 
animsl  life  being  preserred  in  them,  and  they  are  generally 
liarren  of  fossils.  When  they  do  contain  organic  remains, 
these  consist  of  the  hard  parts  of  creatures  that  lived  in 
shallow  water,  such  as  moUuscs,  whose  shells  in  such  situa- 
tions grow  thick  and  hard  to  enable  them  to  resist  the 
poundjng  of  the  shingle.  They  are  also  liable  to  enclose 
.  the  bones  of  terrestrial  tin im win  and  land  plants,  which 
have  been  brought  down  by  rivers  and  have  snnk  to  the 
bottom  near  tbeir  mouths. 

The  deposits  just  mentioned  are  the  most  impcstant  and 
charactenstic  of  the  Littoral  group,  but  others  of  a  some- 
what different  nature  are  formed  between  tidal  limits.  In 
the  hollows  between  shingle-  and  sand-banks  mud  and  fine 
sand  accumulate,  and,  when  the  whole  becomes  oompaoted 
into  rock,  give  rise  to  lenticular  masses  of  Shale  ana  lami- 
nated  Sandstone,  such  as  often  occur  in  the  middle  of  bodies 
of  Conglomerate.  The  surfaces  of  these  finer  beds  ar« 
ripple-marked  by  the  motion  of  the  waves,  and  stamped 
wim  the  tracks  and  burrows  oi  marine  wT^'pt'^l^  and  the 
footprints  of  birds ;  when  they  are  laid  dry  by  the  retreat- 
ing tide,  th^  are  cracked  by  the  sun ;  somedmee  too 
evaporation  of  pools  of  sea  water  causes  the  deposition  of 
CWstals  of  Salt,  and  these  crystals,  being  afterwards  dis- 
solved, leave  a  cast,  which  b  filled  up  by  sediment,  and  so 
models  in  sand  or  mud  are  formed,  known  as  Fseudo- 
morphs.*  AU  these  appearances  are  common  in  the  oorre- 
spouding  rocks,  and,  where  they  are  met  with,  indicate  a 
Littoral  origin. 

Tkalawno  Hooka. — As  we  leave  the  shallov  belt  whidi 
usually  fringes  a  sea-coast  and  advance  into  deeper  water, 
the  deposits  laid  down  on  the  sea-bottom  become  gradually 
finer  in  grain,  the  sandy  element,  so  conspicuous  in  the 
Littoral  zone,  ceases  to  pred<Hninate,  and  clayey  mud 
replaces  it  in  part :  here  too  mixtures  of  mechanical  sedi- 
ment with  the  calcareous  remains  of  marine  animals  are 


Such  deposits   give  rise  to  finely  grained  Sandstones, 
argillaceous  San£tones,   Clays,   Bha^,  Uudstonee,  and 


impure  Limestones. 

These  deep-water  marine  beds  will  show  more  regularity 
in  their  bedding  than  those  of  the  littoral  sme,  because 

•  Qauk  Joun.  0«oL  Boo., ».  1, 187,  ziiv.  US :  and  p.  28. 
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the  currents,  to  vMoh  oonfused  bedding  is  due,  beocnne 
feebler  as  the  vater  deepens :  tbey  will  also  sj^ead  over 
larger  areas  and  be  more  uniform  In  composition,  because 
tbe  finely  divided  matter,  out  of  trhioh  uey  are  formed,' 
remains  for  a  long  time  suspended  in  tbe  vater  and  is 
spread  over  broad  spaces  before  it  sinks  to  tbe  bottom. 
"tba  area  over  wbicb  finely  divided  sediment  suspended  in 
river  water  is  distributed,  is  increased  by  tbe  smaller 

ledfic  gravity  of  fresb  tban  salt  water,     fbxnu  tbis  cause 

.e  discbarge  from  a  river  floats  on  tbe  top  of  tbe  sea  in 
some  coses  for  hundreds  of  nules  before  it  beoomes  fairly 
mixed  up  witb  tbe  salt  water,  and  of  course  carries  along 
with  it  its  burden  of  suspended  matter. 

Tbe  quietness  of  deposition  oi  these  beds  is  favonmble 
to  the  preservation  of  the  remains  of  animals,  which  live  in 
the  water  where  tbey  are  formed ;  hence  tbey  will  be  often 
highly  fossibierous,  but  these  fossils  will  be  almost  ezclu- 
avdj  marine,  and  it  will  be  only  very  rarely  that  tbe 
remains  of  land  animHlB  or  plants  will  bave  been  carried 
out  far  enough  to  sea  to  have  been  embedded  in  tbem. 

Limestones  are  by  no  means  rare  among  the  present 
daas  of  rocks,  but  tbey  differ  from  the  typical  Limestones 
of  tbe  Oceanic  area  in  being  very  impure,  Decause  they  are 
only  partly  made  up  of  the  calcareous  portions  of  marine 
fniiinaTa  and  Contain  besides  mixtures  ot  mud^  or  s^ody 
sediment.  It  seema  however  possible  that  where  rivers 
veiy  lei^ly  cbarged  witb  Carbonate  ot  Lime  flow  into  the 
eea,  chemical  precipitation  may  take  place  and  give  rise  to 
beds  of  purer  lomestone ;  but  it  is  probable  that  such  coses 
ore  very  exceptional.* 

VarmMl  Oomuiic  Books. — In  every  lai^  ocean  there 
ore  bounds  past  which  no  sediment  however  finely  divided 
is  carried,  and  beyond  these  no  mechanical  deposit  can 
consequently  be  formed.  In  tbe  clear  pure  water  of  these 
regions  animal  a  fiourisb,  which  cannot  exist  in  water 
foaled  by  sediment,  and  by  these  we  saw  in  tbe  last  chapter 
masses  of  pure  Limestone  are  built  up. 

Uany  such  Limestones  occur  among  the  rooks  of  the 
earth's  crust,  about  whose  origin  there  can  be  no  doubt, 
beoaose  we  can  stiU  see  that  they  ore  almost  entirely  made 
up  of  the  hard  parts  of  marine  animnlii ;  other  loi^  masses 
of  pure  Limestone  there  are  which  now  show  little  or  no 
trace  of  fossils;  but  to  these  too  we  assign  an  organic 

*  See  Ljrdl,  PriudidM  of  Oeology,  1Mb  ed.,  L  42S— 431. 
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origin,  because  ve  know  of  no  otber  waj  in  wIucIl  Hibj 
can  hare  been  formed,  and  we  auppoee  that  changes,  which 
will  be  more  fully  treated  of  hy-and-by,  have  removed  all 
traces  of  the  foBBila  which  they  once  contained. 

In  all  cases  then  we  look  upon  great  maaaoB  of  pure 
Limestone  as  having  been  formed  by  animal  agency,  and 
OS  marking  the  sites  of  what  were,  at  the  time  of  their 
formation,  Ooeanio  areas  far  remote  from  land. 

In  Idmestonefl  of  this  character  we  almost  always  meet 
with  sUiceouB  nodules,  as  for  instance  Flints  in  Chalk, 
Chert  nodules  in  tiia  Carboniferous  Limestone  of  England. 
The  origin  of  these  has  been  ^ready  explained,  but  it  is 
desirable  to  recall  attention  to  the  almost  invariable  asao- 
dation  of  the  two  kinds  of  rock,  because  it  is  a  fact  in 
favour  of  the  or^inic  origin  of  the  Limestone.  We  know 
tiiat  sea  water  h^ds  in  solution  Silica  as  well  as  Carbonate 
of  Time,  and  that,  besides  the  animals  and  plants  which 
secrete  iha  latter,  there  are  others  living  side  oy  side  with 
them,  which  extract  the  former;  the  intermixture  of 
sUiceouB  and  calcareous  organisms   readily  explains  the 

Sresence  of  Sihca  in  the  middle  of  an  eminently  calcareous 
epoeit,  a  fact  which  it  is  not  easy  to  account  for  in  any 
other  way. 

We  must  now  include  in  the  roll  of  Oceanic  formations 
deposits  like  the  Bed  Hud  of  tike  Atlantic  described  in  the 
last  chapter,  and  the  rooks  which  may  have  been  formed  in 
the  same  way. 

We  find  now  and  then  exceptions  to  Uie  sweeping  state- 
ment that  Oceanic  deposits  are  mainly  of  organic  orig^ ; 
these  are  not  numerous  enough  to  upset  ita  general  truth, 
but  still  require  notice. 

EvratiaB  in  Ocaanio  Dspmits. — Occasionally  travelled 
boulders  of  large  size  are  met  with  in  the  heart  of  great 
masses  of  strata  that  were  formed  in  still  water  far  away 
from  any  laad.  There  are  several  possible  means  by  whitdt 
'  these  wanderers  may  have  been  carried  to  their  present 
position. 

Large  stones  often  get  entangled  among  the  roots  of 
trees,  and,  when  the  &tter  fall  into  rivers,  are  floated 
down  the  stream  and  out  to  sea,  till  the  decay  of  the  wood 
drops  them  to  the  bottom.  Another  means  of  carriage  is 
furnished  by  seaweeds,  which  sometimes  grow  to  a  size 
large  enough  to  float  the  rocky  fragments  to  which  they 
attach  themselvM.  Lastly,  floating  ice  is  another  trans- 
porting agent,  and  in  all  probabiBtf  the  one  which  has 
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in  moet  caaee  b^en  employed.  Where  the  fragmenta  are 
angular  they  may  have  formed  originally  part  of  the  mo- 
rainic  rubbiah  on  tlie  ba«k  of  a  glacier  or  ice-Bbeet,  and 
were  borne  away  on  icebergB ;  where  tbey  are  rounded, 
they  must  haTo  been  pickea  up  from  the  shingle  of  th» 
beaoh  by  ooast-ice.  llie  reader  will  find  a  deecription  of 
erratics  embedded  in  chalk,  and  a  diecuaeioti  of  the  way  in 
which  they  may  hare  been  brought,  in  a  paper  by  Mr. 
Qoodwin  Austen  in  the  Quart.  Joum.  OeoL  goo.  xiv.  2S2. 

Chemical  Sepositi  ia  OceutioAxeai. — Under  certain 
drcuniBtancea  too  chemical  deposits  ore  formed  even  in 
the  centre  of  wide  Oceanic  areas.  Thus  Dana  ("Coral 
Islands,"  p.  294)  gives  the  following  section  of  the  deposita, 
whioh  fill  up  the  lagoon  of  an  old  raised  atoll,  Jarvis 
Island,  situated  in  lat.  0"  22'  S,  long.  169"  58'  W  :— 

3.  Quano. 

2.  Sulphate  of  Lime,  some  compact  and  crystalline, 
some  soft  and  amorphous,  often  two  feet  thick. 
1.  Fine  Coral  debris  and  sheUa. 

Here  the  sonroe  of  the  Sulphate  of  Lime  must  have 
been  the  sea  water,  whidi  holda  small  quantities  of  that 
substance  in  solution :  when  the  lagoon  became  dosed, 
evaporation  would  concentrate  the  eolution  till  the  dissolved 
salts  were  precipitated ;  if  a  fresh  supply  of  water  were 
then  admitted  to  the  same  treatment,  and  the  process 
repeated  often  enough,  any  thickness  of  Oypsum  might  be 
aocumolated.  Dana  further  mentions,  that,  as  tar  as  his 
observationB  extend,  all  elevated  lagoons  have  MTnilnT 
deposits  of  Gypsum,  and  that  Eock  BfSt  frequently  acoom- 
panies  them  {op.  cif.,  pp.  182,  297).  Lmperfeot  Dolomite 
IS  also  formed  under  similar  dronmstanoea.  Thus  the 
Coral  Limestone  of  the  island  of  Uatea  contains*  a  large 
percentage  of  Carbonate  of  Uagnesia.  This  salt  does 
enter  into  the  composition  of  certam  Corab,t  but  hardly  in 
snf&cient  quantity  to  make  it  possible  that  they  could  be 
the  sole  source  of  a  rock  like  this.  The  Limestone  was 
probably  formed  out  of   Coral  debris  in  the  drying-up 


Carbonatsof  lime  .    .    .  flI-9S  t  Forohhammar  loDnd  3'I  per 

Carbonate  of  Uagnona    .  SB'07  cent,  of  Magnesia  in  Conllium 

Specific  GtisTity      .     .    .  S'6(K)  mbrum,  and  6'3S  in  Imi  hippnris. 

Haidneee l-2£  (Daoa,  Coral  lelanda,  p.  99.) 
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lagoon  of  an  old  atoll,  wUcIi  had  been  oonveited  b^ 
eraporatioii  into  a  Btrongty  concentrated  solution  of  Mag- 
neeian  Salts  (op.  at.  p.  357). 

Attention  has  been  called  to  these  abnormal  fonns  of 
Oceanic  deposit,  becausewe  shall  see  ehortljthat  Sock  Salt, 
Gypsum,  Dolomite,  and  other  chemicaUy  formed  rocks  are 
partioularlj  characteristic  of  formatione  originating  in 
inland  seaa.  Hie  caaes  quoted  show,  that  ve  must  not 
jump  too  hastily  to  the  oonolusion,  that,  wherever  these 
kinds  of  rock  occur,  the  beds  among  which  they  are  found 
are  necessarily  Lacustrine.  If,  when  we  look  at  their 
surroundings,  we  find  them  to  be  merely  subordinate 
patches  in  the  middle  of  a  great  mass  of  rocks  evidendy 
of  Oceanic  origin,  we  must  decide  on  the  conditions  under 
which  the  group  was  deposited  from  Ihe  broad  general 
character  of  ttke  whole,  and  not  from  a  few  local  accidents. 

B. — EBTDABCn  BOCEB. 

Ereiywhere  along  the  coast  materials  for  the  formation 
of  submarine  rocks  are  furnished  out  of  the  detrital  matter 
brought  down  by  streams  or  yielded  by  the  destruction  of 
Uta  cliffs.  But,  where  a  large  river  enters  the  sea,  an 
nnuBoal  amount  of  sediment  is  brought  in  at  a  single  spot, 
and  the  accumulations  round  ita  mouth  tend  in  consequence 
to  become  sjieciaUy  consplcuoua. 

The  distnbutian  of  the  matters  carried  down  by  a  great 
river  will  depend  on  the  following  drcumstauces :  if 
powerful  currentB  sweep  across  ita  mouth,  they  may  bear 
away  the  whole  or  the  greater  part  of  the  detritus,  and 
little  or  no  deposition  may  go  on  opposite  the  mouth  ;  but 
if  the  sea  be  free  from  currents,  or  if  the  volume  or  cha- 
racter of  the  suspended  matter  be  fiuch  aa  the  existing 
currents  are  unable  to  remove,  deposition  will  take 
place  as  soon  aa  the  river  enten  the  sea,  the  lattw 
will  be  giaduall;  filled  up,  and  a  tongue  of  land,  con- 
stantly growing  in  size,  will  be  pushed  out  into  the  marine 
area. 

The  projections  of  land  formed  in  this  way  are  known 
as  Deltas. 

Tides  both  hinder  and  promote  the  growth  of  Deltas. 
The  Boour  of  the  ebb  tends  to  sweep  away  sediment  already 
deposited ;  while  Ihe  pounding  bMxk  of  the  river  during 
high  tide  promotes  deposition. 
^Bpace  will  not  allow  of  our  giving  any  lengthy  deeorip- 
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tioa  of  exiatiiig  deltas,*  but  it  ia  desirable  tbat  the  student 
ihould  reollBe  the  enormoua  size  to  whicli  they  grow.  The 
fluviatile  deposits  which  form  the  delta  of  the  Mississippi 
extend  over  an  area  of  12,800  miles,  equal  to  nearly  h^ 
that  of  Ireland,  and  have  been  proved  by  boring  to  be  at 
one  spot  more  than  600  feet  in  thicknees.  The  delta  of 
the  Qangee  is  not  far  from  twice  as  large. 

The  nature  of  the  matoiala  of  which  deltas  consist  will 
vary  aouording  to  oirouinBtanBee.  Where  mountains  rise 
abruptly  from  the  coast,  the  Btteams  that  flow  down  their 
flanks  will  have  fall  enough  to  enable  them  to  bring  down 
ooane  detritus,  and  depoeita  of  sand  and  shingle  will  be 
fonoed  around  their  mouths.  Bat  where,  as  is  the  ease 
with  most  large  rirers,  a  broad  tract  ot  flat  oonntry  inter- 
venes between  the  sea  and  the  mountains  on  which  the 
sources  of  the  stream  lie,  the  tiver  ceases  to  be  able  to 
carry  forward  coarse  matter  as  soon  as  it  reaches  the  tow 
country,  and  only  finely  divided  sediment  reaches  the  sea. 
Btill,  even  in  the  latter  case,  we  may  expect  altematione 
of  beds  of  different  degrees  of  ooarseness  corresponding 
to  the  seasons  when  the  river  is  low,  and  when  it  is  in 
flood. 

In  the  arrangement  of  their  materials  the  deposits  of 
deltas  will  bear  some  resemblance  to  thoee  of  the  Littoral 
zone  amonff  marine  beds.  There  will  be  the  same  current* 
bedding,  the  same  interlacing  of  wedge-shaped  masses  of 
beds  of  different  mineral  composition,  and  generally  the 
same  prevailing  irregularity  when  the  whole  is  looked  at 
on  a  ^rge  soale.  We  shsJl  also  find  the  surfaces  of  the 
beds  ripple-marked,  rain-pitted,  sun-cmcked,  crossed  br 
^niTnftl  tracks,  and  dotted  over  with  pseudomorphs  of  salt 
crystals.  When  the  surface  of  a  delta  has  been  raised 
nearly  up  to  the  sea  level,  the  deposits  often  assume  a 
very  otMnjdez  character ;  sand-dunes  or  shingle-banks  are 
pUed  up,  and  by  damming  back  the  river  water  give  rise 
to  lagoons,  in  which  fresh-water  ftTiimalH  live  and  become 
nub^ded ;  after  a  while  the  sea  bursts  through  the 
barrier  and  brings  with  it  brackish  forms  whose  remains 
axe  preserved  in  the  next  series  of  strata :  sometimes  the 
water  at  one  end  of  a  lagoon  is  salt  enough  to  support 
brackish-water  creaturee  and  sufficiently  freehened  by 
the  influx  of  river  water  at  the  other  end  to  allow  of 

*  For  infoimatian  on  thii  bead  De  la  B«che,  OoolMuaJ  Obterrar, 
■as  Lyell'i  PrincdplM  of  Qtiolagy,  ---"'•"  r.  t  -.*■  ,  -r  ,  ,  . 
lOtia  ed.,  L  oh^«.  xriil.  and  xiL ; 
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heah-jraiet  «ni»nBla  living  m  it,  and  thus  the  beds  laid 
down  in  it  show  a  gradual  passage  from  one  form  to  the 
other. 

In  some  cases  deposits  of  Hook  Salt,  QTpsuin,  and  other 
chemical  precipitatee  are  formed  b;  the  evaporation  of 
bodies  of  salt  water  shut  ofi  in  lagoons. 

Occasionally  the  shutting  out  of  the  sea  by  temporary 
barriers  gives  rise  to  tracts  of  comparatively  dry  iani,  on 
whioh  marsh-loving  plants  flourish,  and  in  which  land 
animals  that  venture  on  them  are  liable  to  get  mired,  and 
thus  there  are  produced  interstratifled  terrestrial  forma' 
tioQB  with  the  remains  of  the  plants  that  grew  on  them 
and  the  beasts  that  frequented  them.  In  this  way  delta 
deposits  show  constant  alternations  of  frtsh-water,  brackish, 
chemical,  and  terrestrial  formatione. 

This  complexity  will  be  vastly  increased,  if,  while  the 
deposition  of  the  delta  is  going  on,  there  are  changes  in 
the  relative  level  of  the  lakd  and  sea.  Suppose  the  sea- 
bottom  to  be  sinking  slowly,  and  that  mo  downward 
movement  is  interrupted  by  occasional  pauses.  Ihiring 
one  of  the  latter  the  water  ntay  be  so  far  filled  up  that  a 
land  surface  is  produced ;  when  depression  begins  again, 
the  terrestrial  accumulations  become  covered  up  by  sub- 
aqueous deposits,  and  in  this  way  any  number  of  alterna- 
tions of  the  two  forms  of  rock  may  be  produced.  This  is 
the  character  of  the  fluviatile  deposits  on  which  Venice 
stands  :  they  have  been  bored  through  to  a  dwth  of  400 
feet,  and  at  four  different  levels  beds  of  turf  precisely 
similar  to  those  now  forming  on  the  mai^iin  of  the  Adriatic 
were  met  with. 

Alternate  elevation  and  depression  of  the  land  will  lead 
to  the  same  admixture  of  terrestrial  and  subacLueous 
deposits. 

Shapa  in  aaotion  of  XMtMk — ^If  we  oould  make  a 
longitudinal  section  along  the  whole  length  of  a  delta,  we 
should  find  the  thickness  of  the  deposit  increasing  for 
some  distance  from  the  mouth  of  the  river,  then  beginning 
to  decrease,  and  at  last  wedging  away  to  nothing. 

Fossilfl  of  Eatnaxiuo  Boda. — The  fossil  remains  pre- 
served in  eBtuarine  beds  will  show  a  mixture  very  charac- 
teristic of  this  class  of  deposits.  There  will  be  no  deep 
Bea  forms,  but  the  shells  and  fish  that  inhabit  brackieh 
water  will  be  present;  with  these  drifted  specimens  of 
fresh- water  and  land  plants  and  shells,  and  bones  of  terres- 
trial and  amphibious  ftniynnlw  vill  occur ;  oooaaionally  we 
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shall  come  upon  beds  enclosing  only  a  freeli-water  &ua&, 
and  otheiB  wnich  are  evidently  land  growths. 

We  also  meet  witli  the  ehelk  of  Eatuarine  or  Uarine 
niolIuAca,  which  are  stunted  and  deformed,  as  if  the  con- 
ditions onder  which  ihej  lired  were  unfavourable  to 
healthy  Krowth.  These  abnonnal  forms  wera  caused  by 
some  sudden  inorease  in  the  volomo  of  the  river,  whereby 
an  area,  which  had  for  a  time  been  occupied  bj  salt  water, 
became  freshened,  not  sufSdently  to  kill  off  the  marine 
inhabitante,  but  enough  to  make  their  Burronndings  un- 
suitable to  their  habits. 

Baposlts  formod  hj  tho  Union  of  Doltaa. — The 
deposits  then  of  the  delta  of  a  single  river  will  form  & 
very  eomplicated  group,  and  when,  in  the  course  of  their 
growth,  me  deltas  of  several  neighbouring  streams  como 
to  be  united,  we  get  a  mass  of  strata  showing  still  greater 
irregularity :  the  sediment  brought  down  by  the  several 
rivers  may  vaiy  very  much  in  character,  the  prevailing 
constituent  of  Uke  detritus  of  one  may  be  mud,  of  another 
saJid,  and  the  waters  of  a  third  may  be  so  charged  with 
Carbonate  of  Lime  as  to  promote  the  abundant  growth  of 
calcareous  organisms  and  give  rise  to  beds  of  Limestone ; 
and  in  this  way,  when  the  united  deposits  oome  to  form 
one  great  rock  mass,  we  shall  find  in  it  beds  which  at  one 
spot  are  Sandstone,  at  another  Shale,  and  at  a  third  Lime- 
stone, the  three  forms  passing  horizontally  into  one  another 
by  gradual  steps. 

Xisjitplo  of  an  Estnarino  Oronp. — Among  the  rocks 
of  the  earth's  crust  we  find  great  groups  of  strata  which 
show  all  the  peculiarities  just  descxibea  as  characteristio 
of  delta  deposits;  a  v^  good  ioatanoe  is  furnished  by 
what  are  known  as  the  WealdenEocks  of  Kent  and  Sussex. 
This  formation  consists  of  Cla^s,  Sands,  Sandstones,  Cal- 
careous Orita  and  impure  Limestones :  it  contains  the 
remains  of  estuarine  and  fresh-water  shells  and  crus- 
taceans and  fish,  which  are  alone  sufficient  to  decide  its 
estuarine  character.  We  learn  further  that  it  was  de- 
posited not  far  from  land,  because  we  find  embedded  in  it 
land  plants,  insoots,  the  hones  of  birds,  and  of  terrestrial 
and  amphibious  animals,  specially  a  gigantic  tetreatrial 
lizard  biown  as  the  Iguanodon,  the  footprints  of  which 
still  remain  imprinted  on  the  surfaces  of  some  of  the  beds. 
We  have  therefore  all  the  signs  by  which  we  recognise  a 
formation  of  Estuarine  origin,  and  we  can  determine  also 
the  quarter  from  which  the  river  that  deposited  it  flowed, 
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and  vli«reaboutB  the  sea  lay  into  vliiali  that  river  dis- 
charged itself . 

The  thichneBS  of  the  whole  maae  of  etrata  in  Sussex  is 
at  least  1,300  feet ;  as  we  trace  them  westwards  alons  the 
English  coast  thej  fall  off  rapidly,  till,  at  the  last  spot  vnere 
they  are  exposed,  thm'  are  less  than  200  feet  thick.  Again 
the  corresponding  beds  on  the  opposite  coast  of  France  show 
a  still  more  striking  decrease  in  thickness  in  the  direction, 
of  Boulo^e.  The  spot  where  the  beds  are  thickest  waa 
evidently  in  the  middle  of  the  estuary ;  the  fact  that  they 
thin  away  both  to  the  east  and  the  west,  shows  that  the 
water  shallowed  in  those  directions,  or,  in  other  words,  that 
the  margins  of  the  estuary  lay  towards  those  quarters. 
The  estuary,  therefore,  in  which  these  beds  were  depo- 
sited, stretohed  acrOBS  Sussex,  and  its  shores  lay  to  the 
east  and  west  of  that  county, — that  is,  its  general  direction 
ran  north  and  south.  That  the  sources  ot  the  river  were 
to  the  north,  and  that  the  ocean  into  which  it  discharged 
itself  lay  to  the  south,  we  learn  from  the  following  con- 
siderations.  If  we  cross  the  ohannel  and  eiamine  the  cor- 
responding rocks  in  France,  we  find  the  group  to  consist 
there  of  alternations  of  beds  decidedly  estuarine  with  others 
undoubtedly  marine,  of  the  class  we  have  called  Tbalassic ; 
as  we  go  towards  the  south-east,  the  estuarine  portions 
become  fewer  and  thinner  till  they  at  last  disappear  alto- 
gether, and  at  the  same  time  the  marine  beds  gradually  lose 
the  Tholasaic  type  and  pass  into  Oceanic  Limestones.  Wo 
have  therefore  a  gradual  and  complete  passage  from  beds 
formed  at  the  mouth  of  a  river,  through  altematioiis  of 
Estuarine  and  Miuine  strata,  into  rocks  teamed  in  an  open 
ocean. 

These  broad  facts  show  that  land  lay  to  the  north  and 
open  sea  to  the  south-eaet ;  and  by  the  aid  of  more  detailed 
ooaervationB,  which  need  not  be  given  here,  we  can  restore 
to  a  very  dose  degree  of  approximation  the  physical 
geography  of  the  oountry  at  the  time  this  group  was  being 
formed.  To  the  north  lay  a  tract  of  land  covered  with 
vegetation  and  inhabited  by  the  Iguanodon  and  other 
creatures :  one  of  the  rivers  draining  this  continent  dis- 
charged itself  through  a  long  narrow  estuary,  whidi  ran 
in  a  south-easterly  direction  across  the  south-east  of  Eng- 
land towards  the  centre  of  France  and  opened  out  there 
into  a  broad  ocean.  The  position  of  this  eetuaiy  ia  marked 
out  by  the  great  mass  of  beds,  almost  entirely  of  fresh  water 
origin  from  top  to  bottom,  in  the  south-east  of  England ; 
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vhere  we  find  Id  France  marine  beds  begin  to  oome  in,  wo 
know  tliat  we  have  passed  the  mouth,  of  the  estuary  and 
are  gettmg  out  to  sea ;  and  when  we  find  these  Marina  beds 
graaually  losing  their  Thalaseio  character  and  putting  on 
an  Oceanic  type,  we  know  that  we  ore  well  in  the  marine 
area. 

One  more  point  calla  for  notice,  the  character  of  the 
Wealden  beds,  even  where  they  are  thickest,  proves  that 
they  have  been  deposited  in  not  veiy  deep  water.  The  only 
way  in  which  this  could  happen  was  by  ft  gradual  sinking  of 
the  land  during  the  period  of  their  deposition.  We  have 
independent  evidence  that  such  a  sinking  did  take  place. 
Inunediately  above  the  Wealden  beds  there  lies  a  thin 
group  of  strata  known  as  the  Funfield  Formation,  which 
consieta  of  alternations  of  freeh-water  and  Littoral  Marine 
strata :  during  the  formation  of  these  rocks  then  the  sea 
must  have  mim  time  to  time  encroached  on  the  area 
formeriy  occupied  by  fresh  water.  Above  these  Punfield 
beds  ore  others  known  as  the  Lower  Greensand,  which 
are  purely  marine ;  and  from  this  we  learn,  that,  by  the 
time  these  last  came  to  be  formed,  the  sea  had  perman^itly 
overflowed  the  country.  The  evidence  therefore  all  oon- 
spiree  to  show,  that,  during  the  formation  of  all  the  rocks 
we  have  been  reviewing,  the  land  waa  going  down :  that 
during  the  Wealden  period  the  sea  was  seldom,  if  ever, 
brought  over  the  south-east  of  England ;  that  during 
Funfield  times  it  advanced  over  part  of  that  district  and 
receded ;  and  finally  that  the  country  was  completely  aub- 
m^ed  during  the  deposition  of  the  Lower  Qreensand. 

The  relations  of  the  rocks  just  described  to  one  another 
have  been  thrown  into  the  form  of  a  diagram  in  Fig.  S3. 

0. — IiAOUST£IKX  BOCES. 

The  deposits  formed  in  fresh-water  lakes  and  those  of 
inland  seas  have  some  points  in  conuuon,  which  may  be 
considered  before  we  come  to  the  oharactera  which  are 
peculiar  to  each. 

The  sediment  brought  into  a  lake  is  usually  supplied  by 
several  riven,  which  enter  it  at  different  points,  which 
may  run  over  rocks  of  very  different  character,  and  may 
vaiy  much  in  their  transportdng  powers.  From  this  cause 
Lacustrine  deposits  will  show  both  in  a  horizontal  and  ver- 
tical direction  very  marked  and  often  very  sudden  changes 
of  Gharacter.     The  coarser  matter  will  be  thrown  down 
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in  deltas  at  the  mouth  of  each  etream,  and  thus  fan-shaped 
masBee  of  Con^omerate  will  aticumvilate  eveiy  here  and 
there  along  the  edge  of  the  water.  When  we  haye  to 
deal  with  a  mass  of  Laouatrine  beds,  we  may,  by  noting 
the  poeition  of  these  deltas,  fix  the  boundaries  of  Uie  sheet 
of  water  in  which  it  was  a^xnimulated.  The  more  finely 
divided  mateiials  will  trarel  further,  and  will  to  a  certain 
extent  get  mixed  together,  before  they  reach  the  bottom, 
and  thus  the  central  mats  of  the  deposit  will  be  more 
uniform  in  oharacter;  but  even  here  there  may  well  be 
numerouB  alternations  of  beds  differing  in  colour,  compo- 
sition, and  texture,  for  it  is  probable  that  all  the  lofi-owing 
streams  will  not  be  at  their  fullest  at  the  same  time,  and 
the  one  which  has  the  greatest  volume  and  velocity  will 
bring  in  and  spread  further  its  own  peculiar  sediment,  and 
give  rise  to  a  layer,  which  will  partake  more  largely  of 
the  character  of  the  sediment  of  that  stream  than  of  the 
others.  When  the  turn  of  the  next  stream  ccaaee,  it  will 
hty  on  the  top  of  this  a  stratum,  in  which  the  distinctive 
character  of  me  sediment  which  it  brings  down  will  pre- 
vail, and  so  on.  Manv  Lacustrine  formationB  do  enow 
numerous  alternations  of  their  beds  of  different  characters, 
and  it  is  probable  that  it  is  for  the  reason  just  given.  Also 
we  must  bear  in  mind,  that  the  streams  cannot  cany  even 
fine  sediment  beyond  a  certain  distance  from  their  mouths, 
and  hence  the.  beds  will  not  spread  each  of  them  over  the 
whole  of  the  bottom,  but  will  dovetail  into  one  another  in 
a  wedge-shaped  fashion.  The  peculiaritiee  just  described 
are  wdl  exemplified  in  the  Lacustrine  deposits  of  Auvergne, 
which  the  reader  will  find  described  in  LjeU's  "Manual 
of  Geology"  (6th  ed.),  p.  220. 

When  the  water  of  a  lake  is  low,  the  surfaces  of  the 
deposits  forming  in  it  are  sometimee  laid  dry,  and  then 
become  impressed  with  rain-pittings,  sun-cracks,  and  other 
such  markmgs,  which  we  have  already  seen  axe  produced 
in  other  deposits  under  similar  circumstances. 

When  the  streams  whidi  feed  a  lake  are  small,  each  will 
be  able  to  bring  down  only  a  small  quantity  of  sediment ; 
and,  if  this  is  finely  divided,  it  will  be  spread  over-a  large 
area,  and  give  rise  to  a  layer  or  stratum  of  small  thick- 
ness. A  <£ange  in  the  character  of  the  detritus  will  lay 
upon  the  top  ofthis  a  stratum  equally  thin,  but  of  different 
oompoflition.  Thus  the  deposit  will  be  subdivided  into  a 
large  number  of  very  thin  beds,  and  wiU  contrast  strongly 
wiui  the  more  thickly-bedded  and  uniform  accumuladoua 
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of  a  Thalassio  or  Oceanio  area.  Pig-  6  gives  an  instance 
of  this.  In  the  upper  fifteen  feat  tnere  are  no  lees  thftT" 
nine  alternations  of  rock,  eacli  ooourring  in  thin  layera, 
which  in  some  oaaea  are  further  subdivided  into  ImniTiic  of 
excesBive  tenuity ;  this  portion  of  the  section  is  of  I^£ub- 
trine  or  Estuarine  origin.  The  lower  twenty-three  feet, 
which  consists  of  Marine  rocks,  shows  only  four  sutrdiri- 
sions,  more  massive  and  blocky  in  tbeir  structure. 

Tr^ah-vnAvr  lAOUstrino  Depositfl. — Such  being  the 
general  character  of  all  Lacustrine  formations,  we  must 
next  consider  vhat  are  the  peculiaritiee  which  enable  us 
to  distinguish  those  deposited  in  fresh-water  lakes.  All 
Lacustrine  beds  resemble  those  of  Estuarine  origin  in  many 
respects,  they  show  the  same  general  irreeularily  both  in 
the  oomposition  and  arrangement  of  the  deposit,  give  the 
same  proofs  that  the  surfaces  of  the  beds  have  been  ooca- 
sionally  exposed  to  the  air,  and  contain  flte  remains  of 
fresh-nater  and  terrestrial  plants  and  animals.  But  there 
is  this  difference  between  the  two  :  Estuarine  formations 
usually  contain  beds  with  brackish  water  or  marine  shdls 
interstratified  with  those  in  which  fluviatile  forms  alone 
occur,  or  beds  yielding  a  mixture  of  marine  and  fresh- 
water forms ;  such  are  of  course  absent  from  the  deposits 
of  a  lake  to  which  the  sea  never  gains  access.  But  in  many 
cases  the  sheets  of  fresh  water,  in  which  Lacustrine  forma- 
tions  have  been  laid  down,  have  been  from  time  to  time 
invaded  by  the  sea,  and  the  result  has  been  just  such  alter- 
nations of  fresh  and  salt  water  deposits  as  we  meet  witli 
among  Estuarine  beds.  In  a  case  like  this,  if  only  frag- 
ments of  the  deposit  have  been  preserved,  it  will  be  im- 
possible to  say  to  which  class  they  sJiould  be  referred :  but  if 
the  formation  has  oome  down  in  anything  like  an  entire 
condition,  the  following  oonsideratiouB  enable  us  to  decide 
this  point.  Estuarine  formations  will  pass  in  a  certain  direc- 
tion into  those  of  a  purely  marine  origin ;  we  found  this  to  be 
the  case  for  instance  with  the  Wealden  Bocks  of  England. 
In  deposits  formed  in  bodies  of  fresh  water,  tbongh  there 
may  be  marine  intercalations,  we  shall  never  observe  the  for- 
mation as  a  whole  to  pass  laterally' into  one  entirely  marine. 
Further  if  a  Lacustrme  deposit  be  entire,  we  shall  find  all 
round  its  edges  a  ring  of  snore  formations.  Conglomerates, 
and  similar  coarse  rooks,  among  which  tiie  dStas  of  the 
inflowing  streams  will  be  BpeciAUy  conspicuous  :  in  a  delta 
tlie  similar  rocks  will  tena  to  be  crowded  round  one  spot, 
viz.  the  river's  mouth.     In  the  one  case  the  directioas  in 
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which  the  depomtB  tend  to  become  finer  in  grain  will  con- 
verge toward*  a  emtre,  the  middle  of  the  lake ;  in  the  other 
th^  will  Bpreed  out  like  a  &n  Jrom  a  amirt,  the  uLOuth  of 
the  river. 

A  purely  freah-water  formation  will  oontain  only  frSBh- 
water  foeeils,  but  there  ore  every  now  and  then  ^ceptions 
even  to  thia  rule.  For  inetasce,  marine  diistaceanB*  have 
been  dredged  up  from  the  depths  of  the  lai^  Americau 
lakes,  and  their  remaine  may  well  get  mixed  up  with  those 
of  freeh-water  creatures  in  the  deposita  now  lorming  be- 
neath those  bodies  of  water. 

Besides  the  ordinary  types  of  mechanical  deposits  the 
following  kinds  of  rock  are  worth  notice  as  often  occurring 
in  Lacustrine  beds.  Chemical  precipitatee  of  Carbonate  of 
Lime  and  Silica  maybe  formed  when  springs  largely  charged 
with  tJiese  substances  burst  out  on  the  banks  or  beneath  the 
waters  of  the  lake,  but  the  amount  held  in  solution  must  be 
considerable  in  order  to  produce  predpitatiou ;  this  is  often 
the  case  in  diatrictB  where  volcanoes  either  are  or  have  been 
active.  Semi-organio  formations  also  occur,  such  as  the  Shell 
Harls  of  some  small  lakes  in  Scotland,  which  have  been 
filled  np  by  the  deposition  of  sediment ;  these  beds  are 
deecribed  by  I^^  as  oonajsldng  almost  entirely  of  the 
efaellB  of  fresh-water  teetacea  decomposed  into  a  pulveru' 
lent  marl.  Some  lakes  swarm  with  Diatoms,  the  siliceous 
oases  of  which  aocumulate  on  the  bottom  and  give  rise  to 
the  depomta  of  Tripoli  or  polishing  stone :  in  other  cases 
Diatoms  extract  iron  from  the  water  and  cause  the  forma- 
tion of  Iron  ores. 

The  Lacustrine  deposits  of  Auvergne  furnish  a  good 
instaiioe  of  a  purely  fresh- water  deposit ;  while  the  Molasse 
of  Switzerland,  of  which  the  reader  will  find  a  full  descrip- 
tion in  Lyell's  "  Elements  of  Geology,"  chap,  xv.,  is  a  fine 
example  of  a  formation  in  the  main  of  fresh-water  origin 
but  containing  marine  intercalationB.  There  are  also  very 
extensive  Lacustrine  formations  in  the  western  states  of 
North  Amerioa.f 

8«lt-mt«r  X«oiutrfBa  Boob. — The  one  oonapicuoos 

*  Hmm  Iak«  ware  proliably 

originally  bodies  of  olt  watar  ant 
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Bockr  MonDl«n»,  by  Prof.  F.  N. 

Haydeii,  obap.  Tti.,  #nd  the  He- 
porta  of  the  tJ.  8.  Qeologicol 
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feature  wMch  chatacterisee  depoeito  formed  in  inland  bodies 
of  salt  water  is  the  presence  of  great  maaeei  of  chemical 
predpitatee,  such  as  Bock  Salt,  (^psum,  and  Dolomite. 

It  is  a  ainiificant  fact  that  ^eae  forms  of  chemical 
deposit  are  m  very  many  cases  associated  together,  and 
that  the  beds  in  which  IJhey  occur  are  either  altogether 
barren  of  fossils,  or  oontaiu  only  the  remains  of  land 
plants  and  of  terrestrial  or  amphibious  animals,  or,  if  there 
are  any  marine  forms  in  them,  these  are  few  in  number 
and  hare  a  dwarfed  and  onhc^thy  look.  At  the  same 
time  those  rocks,  which  are  proved  by  the  presence  of  an 
abundance  of  vell-developea  marine  fossils  to  hare  been 
formed  in  the  sea,  larely  contaia  in  any  quantity  the  salts 
whi^  sea  water  holds  in  solution.  The  meaning  of  these 
facts  has  been  already  hinted  at.  It  is  extremely  >mpn>- 
bable  that  an  open  ocean  can  ever  become  sufficiently 
saturated  with  matter  in  solution  to  allow  of  predpitatioa 
taking  plaoe ;  while  on  the  other  hand  this  is  the  result 
that  must  happen  in  closed  bodies  of  water,  and  may 
happen  in  those  which  hare  an  outlet  if  the  eraporation 
be  excessive. 

We  diall  better  realise  the  much  higber  state  of  ooncen- 
tration  that  obtains  in  closed  bodies  of  water  than  in  open 
sea,  by  contrastiug  the  two  foDoving  analyses  of  the 
waters  of  the  Meditwranean  and  Dead  Sen : — :* 
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On  this  head  Ur.  Borby  has  some  very  pertinent  remarks. 
He  states  "that  some  very  solid  Dolomites  contain  even 
now  about  one-fifth  per  cent,  of  salts  B<duble  in  water, 
Chlorides  of  Bodium,  Kagneeium,  Potassium,  and  Caldum, 
and  Sulphate  of  Time,  which  are  doubtless  retained  in 

■  Bunin^,  Nature,  vli.  313.  tli«  ftyenot  Oiil  aatlior,  Qoart. 
In  connection  with  thia  subject  Jnnru.  OeoL  Boc,  xxriL  1S9 
tlie  atudeat  ahonld  aiua  coniuilt      241. 
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tmnute  '  fluid  cavitiee. '  These  must  haTQ  been  produced 
at  tJie  same  time  as  the  Dolomite,  and  causht  up  some  of 
the  solution  then  present,  vMob  is  thus  iudicatea  to  hare 
been  of  a  briny  character."  But  he  also  states  that  some 
Dolomites  yet  show  traces  of  fragmraita  of  oreauio  bodies, 
and  would  appear  to  be  made  up,  in  part  if  not  wholly, 
of  oomminuted  and  decayed  calcareous  organisms,  and  to 
have  been  aubeequently  altered  into  Dcdmnite,  possibly  by 
the  infiltration  of  Uagnesian  Salts  of  sea  water,  when  it 
had  been  BO  far  ooncentrsted  that  Bock  Salt  was  deposited.* 
In  the  latter  ease  we  may  suppose  Uiat  the  wat^  was  for 
a  time  sufficiently  free  from  dissolved  matters  to  allo>tr 
of  the  exiatenee  of  animal  life  and  the  growth  of  organic 
limestone,  and  that  afterwards  the  area  was  flooded  by 
a  concentrated  solution  which  transformed  the  Limestone 
into  D(domite  by  percolating  through  it.  Or  it  may  be 
that  some  hardy  creatures  managed  to  struggle  on  in  the 
concentrated  solution  and  their  remains  were  buried  in  the 
prei^pitates.  We  shall  have  more  to  say  about  Dolomites 
produced  by  the  altecation  of  limestone  in  the  chapter  on 
"  Hetamorphism." 

The  p«oiuiar  character  of  the  fossils  found  in  chemicaUy 
formed  rocks  is  also  easily  explained.  Water  highlv 
charged  with  the  salts  required  for  the  formation  of  such 
rocks  is  very  unsuitable  for  the  maintenance  of  animal  life, 
and  any  creatures  that  manage  to  exist  in  it  will  be  stunted 
in  their  growth  and  deform^  in  shape  by  the  trying  con- 
ditions tmder  which  they  are  placed. 

On  these  general  grounds  tnen  we  may  fairly  look  upon 
rocks  possessing  the  characters  just  described  as  marking 
tiie  Hte  of  old  inland  seas,  which  may  have  been  originally 
freah- water  lakes  that  grew  salt  because  they  had  no  outlet, 
or  may  have  been  portions  of  the  sea  that  had  their  con- 
nection with  the  mEun  ocean  severed  by  the  upheaval  of  a 
barrier  of  land.  The  latter  explanation  must  be  adopted 
when  the  fossils  are  marine. 

B«d  Colour  of  Inland  8«a  Dtposlta. — ^Therocks,  in 
whidi  chemically  formed  deposits  occur,  an  in  a  very  Wge 
majori^  of  cases  of  a  red  tint ;  and,  when  they  are 
minute^  examined,  it  is  found  ^t  Hiey  are  not  red  all 
through,  but  that  the  colour  is  owing  to  a  thia  coating  of 
anhyi&ous  Peroxide  of  Iron  which  covers  each  grain,  so 
that,  if  we  looked  at  a  thin  transparent  section  with  a 

*  Beport  «f  Britirii  Amoo^  1U6,  TrssMotuxu  of  Bectinu,  p.  77. 
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microscope  we  Bhould  iee  a  number  of  pardcIeB  red  outoide 
aod  some  otiier  colour  inside.  It  is  dear  from  tlus  that 
Peroxide  of  Iron  must  have  been  present  in  lan;e  quantity 
in  the  watw  in  whidb  theae  rocks  were  deposited^ 

And  there  is  nothing  surprising  in  this.  There  is  scannly 
a  rock  in  vhich  Iron  is  not  present  under  some  form  or 
other,  and  many  rocks  contain  it  in  large  quantity ;  many 
of  its  c<Hnpou&as  are  readily  peroxidised  by  exposure  to  the 
air,  by  die  action  of  water,  and  by  other  dhemieal  reactions, 
md  hence  all  sorfaoe  Btreams  are  liable  to  cany  in  suspen- 
Bion  Peroxide  of  Iron.  It  is  highly  probal:Je  therafore  that 
this  substance  will  be  jdentifully  carried  into  all  lakes ;  aiid 
in  the  case  of  closed  bodies  of  water,  if  it  come  in  in  a  fine 
■tate  of  division  so  that  it  can  remain  &  long  time  in  sus- 
pension, it  wUl  accumulate  and  increase  in  quantity,  just  in 
the  some  way  and  for  the  same  reasrai,  as  the  salts  held  in 
solution.  We  can  readily  nndeistand  then  why  it  is  that 
red  beds  and  chemical  deposits  so  very  generally  go  together, 
and  why  inland  sea  deposits  are  so  very  generally  red.* 
But  it  wiU.  be  hardly  safe  to  go  as  far  as  Prof.  Bomsay 
seems  inclined  to  do,  and  assume  conversely  that  red  colour 
is  in  itself  a  proof  of  inland  sea  origin.  It  is  a  strong  pre- 
sumption that  way,  but  requires  confirmation  by  other 
tests.  There  can  be  no  difficulty  in  understanding  how 
red  beds  may  be  formed  beneath  the  sea.  The  waste  pro- 
duced by  the  denudation  of  red  rocks  will  be  red,  and,  it^ea 
deposited  on  the  sea-bed,  will  give  rise  to  marine  rocks  of  a. 
red  oolour.  And  now  that  the  CluUlmgmr  BoundiuKs  have 
mode  us  acquainted  with  the  vast  deposits  of  red  my  that 
are  in  process  of  formation  beneath  ue  deepest  part  of  the 
ocean,  the  idea  that  all  red  beds  ore  neceesarily  of  inland 
sea  (wigin  cannot  be  entertained  for  a  moment.  Bed  beds 
may  therefore  be  formed  under  any  conditions ;  and,  as  the 
presoDoe  of  Peroxide  of  Iron  in  any  quantity  genandly 
drives  away  animals,  they  will  seldom  contain  fessils  enough 
to  enable  us  to  determine  whether  they  are  maiine  or  not : 
it  is  to  the  rocks  assocdated  with  them  that  we  must  Look  if 
we  want  to  solve  this  problem. 

The  surfaces  of  red  beds  are  often  blotched  over  with 
blue  and  green  patches,  and  sometimes  blue  and  green 
bands  are  interatratified  with  thrau,  and  the  faces  i^  the 
joints,  and  the  portions  of  the  rook  in  the  immediate  neigh- 

*  There  a  a  good  scconnt  of  cotion  de  la  Oute  Ofolopqne  da 
the  asBoctation  of  red  beda  with  la  Fnmoe,  tl.  90— S4.  Bm  also 
chemical  deposiu  in  the  Expli-      Ssture,  ri.  112,  212. 
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bourlLOod  of  these  planes  of  diTisioK,  show  the  same  colours. 
It  is  probable  that  the  change  in  hue  has  been  produced  by 
the  action  of  regetable  acida  ajislag  from  decompoamg 
plants,  which  rob  the  red  colouring  matter  of  part  of  its 
oxygen  and  convert  it  into  lower  states  of  oxidatioii.  The 
beds  are  also  sometiinea  traversed  by  tubular  pipes  which 
znay  have  been  formed  bj  the  escape  of  gasee  generated 
boia  the  same  cause.*  The  peeudomorphic  casta  of  salt 
crystals,  already  mentioned  several  times,  are,  as  mi^t  be 
expected,  very  common  on  the  surface  of  red  beds  associated 
with  deposits  of  Bock  Salt;  we  often  find  other  curious 
warty  protuberauces,  which  are  sometimes  like  flattened 
spheres,  sometimes  crescent-shaped,  and  sometimes  take  less 
r^ular  forms.  These  are  prooably  cavities  produced  by 
&&  dissolution  of  efQoresoed  masses  of  salt,  which  were 
afterwards  filled  in  by  mud  or  sand.-)- 

The  red  colour  of  inland  sea  deposits  is  one  cause  of  their 
nnfossiliferous  character.  Feroxide  of  Iron  in  water  is  fatal 
to  the  animals  living  in  it :  water  charged  with  it  coming 
from  mines  kills  the  fish  in  the  rivers,  and,  if  it  reaches  the 
sea,  the  marine  creatures  fiy  before  it.  Sir  H.  De  la  Beche 
has  pointed  out  that  the  anunals,  which  live  on  the  sea-bed, 
cannot  exist  upon  a  bottom  of  red  mud  ;  but  that,  if  the 
water  above  be  clear,  fishes  could  swim  about  in  it ;  ^  and 
this  is  the  reason  why  the  latter  are  found  fossil  in  some 
red  beds  where  the  remains  of  molluscs  are  scarce  or 
altogether  absent.  If  there  were  idtervals,  during  which 
no  sediment  was  brought  down,  the  water  might  become 
bright  enough  to  tempt  fish  into  it,  and  an  irruption  of  red 
mud  might  kill  and  bury  them,  and  so  they  would  be 
preserved  in  a  perfect  state. 

nroosfliM  by  which  Chvmloal  Depoaits  may  havs 
bMU  fiarmod. — Considerations  such  as  have  been  just 
brought  forward  certainly  lead  to  the  bdief  that  the  masses 
of  rock,  generally  red,  with  which  Bock  Bait,  Glypsum,  and 
Dolomite  are  associated,  were  deposited  partly  by  precipita- 
tion from  saturated  solutions  in  inland  seas.  But  it  is  by 
no  means  an  easy  task  to  trace  out  all  the  steps  of  the 

•  Da  U  Beche,    Hemoin    of  PbiI.8no.of Hanchaoler, vol.xii; 

Geological  Survey  of  Onist  Bd-  Oeologj  of   the  coimtr/  rouod 

tain,  i.  S3  ;  Maw,  Qaait.  Joum.  Stockport,   (Menu,    of    Oeology 

OecJ.  800.  of  London,  zzir.  SSI ;  Suivej  of  En^and  and  WaJea], 

Dswaon,  Ibid.,  v.  2fi.  p.  SS ;  aaa  alao  Jahrbnchdei  h.  k. 

t  Ux.    Binney     haa     noticed  Geol.    Beichaanatalt,   zxiii.  3fi2. 
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procees,  and  to  say  what  were  in  each  caae  the  exact 
chemical  reactionB  by  which  the  reeult  was  brought  about. 

Book  Salt. — For  Bock  Salt  mere  evaporation  will  suffice. 
In  such  a  case  as  Ute  Qreat  Salt  Lake  of  Utah,  into  which 
rivers  run  but  from  which  none  run  out,  where  the  streams 
flow  over  a  country  on  the  eurfafiO  of  which  salt  is  con- 
stantly efflorescing  from  below,  and  when  the  evaporatiou 
is  greater  than  the  supply,  deposition  of  salt  must  »>  on. 

Again  in  cases  when  an  area  is  periodically  inundated  by 
the  sea  and  then  left  dry,  or  where  portions  of  sea  water 
are  out  off  from  the  main  body  by  temporary  barriers,  such 
as  shingle-banks,  sand-dunes,  or  the  upheaval  of  a  land 
barrier,  evaporation  would  produce  deposita  of  Salt ;  and, 
if  the  process  be  repeated  often  enough  and  gentle  subsi* 
denoe  go  on  meanwhile,  any  thickness  maybe  accumulated. 
One  instance  of  this  kind  is  found  in  the  Kunn  of  Cutch 
mentioned  by  Lyell  (Elements,  6th  ed.  p.  446 ;  Principles, 
10th  ed.,  Tol.  ii.  p.  98.}*  The  great  deposita  of  Bock  Salt 
in  the  Bitter  I^kes  of  the  Isthmus  of  Suez  seem  also  to  be  a 
case  in  point.  This  bank  is  estimated  to  have  contained 
970,000,000,000  kilograms  of  salt,  its  superficial  area  is 
about  66,000,000  square  metres,  and  it  is  composed  of  layers 
varjriug  in  thickness  fnim  5  to  25  centime.  The  basin  in 
which  this  deposit  lies  seems  to  have  been  every  now  and 
then  filled  by  inundations  from  the  £ed  Sea,  and  during 
the  intervals  between  two  successive  incursions  evapora- 
tion concentrated  the  solution  and  threw  down  a  layer  ol 
Balt.t 

There  are  two  other  common  rocks,  which  have  most  ^o* 
bably  in  many  cases  been  formed  by  chemical  action— ^Do- 
lomite} and  Gypsum.  It  so  very  frequ^itly  happens  that 
these  two  rocks  are  found  together,  that  it  is  likely  that  in 
many  cases  they  were  produced  at  the  same  time  and  by 
the  some  reaction,  and  that  the  formation  of  the  one  was 
necessarily  accompanied  by  the  production  of  the  other. 
In  other  oases  we  meet  with  ]Mg&  masses  of  Dolomite 
which  are  not  accompanied  by  Gypsum,  and  Gypsum  not 
associated  with  Dolomite. 

Yarioos  attempts  have  been  made  to  imitate  experi- 
mentally the  processes  by  which  Dolomite  may  be  sup- 

•  AlsoKTBaitUEW«,Biiti<li  t  V°r     ihartnoM   Z   nsa   tkit 
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posed  to  have  been  produced  by  precipitation  from  a  eolu- 
tiou  of  Salts  of  Lime  and  Magneeia ;  bat  the  effects  of 
chemists  in  this  direction  have  not  as  yet  been  particularly 
BUGceasfuI.  Several  of  the  proposed  reactions  are  clearly 
inadmiesiblo,  because,  thougn  the  enterimenters  have  suc- 
ceeded in  throwing  down  either  Dolomito  or  a  mixture  of 
the  Carbonates  of  Lime  and  Ua^eeia,  they  were  obliged 
to  employ  temperatures  and  pressures  far  G;reater  than  we 
are  at  liberty  to  suppose  prevailed  during  Uie  formation  of 
actual  Dolomite.* 

Among  the  methods  which  naturally  surest  themselves 
as  likely  to  have  produced  Dolomito,  the  one  that  first 
occurs  to  the  mind  is  precipitation  from  the  waters  of 
mineral  Bpringe.  Gases  where  Magnesian  Limestones  and 
possibly  I)olomito  Limestones  have  been  thus  fonned  are 
Known  ;f  but  it  is  not  certain  that  Dolomito  can  be  formed 
directly  in  this  way.  BischoTs  experiments  rather  tended 
to  show  that  this  was  not  likely.  When  he  attempted  to 
precipitato  Garbonato  of  Lime  and  Carbonate  of  Uagneeia 
togemer  by  evaporation  from  a  solution  in  water,  he  found 
that  the  first  salt,  because  it  was  the  least  soluble,  was  at 
first  thrown  down  almost  exclusively ;  then  a  mixture  of 
the  two  salts  was  precipitated,  and  then  Carbonate  of  Ifag- 
neeia  alone ;  and  ho  thought  a  deposit  produced  in  this  way 
would  consist  of  Limestone  at  the  bottom,  possibly  a  little 
IXdomito  in  the  middle,  and  Carbonate  of  Magnesia  at  the 
top-t  It  is  worthy  of  notice,  however,  that  he  sjpeaka  of 
the  strong  "tendency  to  the  formation  of  double  salts 
which  characterises  magnesia ;"  and  it  is  possible,  that  even 
supposing  the  two  carbonates  to  be  precipitated  separately, 
this  tendency  might  lead  them  afterwards  to  rearrange 
themselves  and  form  Bitter  Spar.  In  connection  with  this 
part  of  the  subject,  an  observation  of  ^terry  Hunt's  also 

ecc«8  are  ncxnul-huid,  and  I  hare 

^, r--r not  been  able  to  verify  Ihom.  Bee 

by  Ferelt)Mmmtr,  Ann,  de  Chem.  alio  BiechoTi  Chemical  Geology, 

et   Phyi.  iiiii.;    A.  Fittrt   and  iii.  chap.  fi3  ;  NmiauiiD'HQeogiio. 

Xarigma,  Leonhard's  Jshrbach,  me,  i.  pp.  623, 714  i  Ziikel,  Petio- 

IMS,  p.  472,  BnU.  Boc.  Gka\.  da  giaphie,  i.  UZ. 

Fiance,  2ad  Mr.  ri.  318  ;  Etidin-  f  Li«big    and    Eopp,  Jahrss- 

l*r,  Voggend.  AnnaL  Iniv.  Gei  I  bericht,  I8fi3,  p.  029)  Leonbsrd's 

iMllhatd'i   Jahrbuch,   1847,   p.  Jahrbuch,   IS38,_p.  S2,  1B40,  «. 

863  i    Morht,    Leonbard'a   Jahr-  372;      Zirkel,     Fetrographie,    i. 

booh,  1847,  p.  862.  liebig  and  243;    Naumant),    Otognoai^   i. 

Kopp,   Jahtetbendit,    1S48,    ii.  S23,  ntt,  714,  tuOt. 

(00.    Some  o(  the  above  leftr-  {  Qumioal  Geology,  iii.l  87,109. 
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BeemB  important.  Inrepeatm^anexpemnentofMarignac's, 
he  foimd  that  Carbonate  of  UaGjneeia  is  quite  ready  ai  the 
moment  of  iUformatum  to  unite  with  Carbonate  of  Lime  into 
Dolomite ;  but  when  he  eubetituted  Magnesite  for  newlj 
formed  Carbonate  of  Ma^esia,  he  found  that  it  showed  no 
Buch  aptitude  to  combine  with  the  Carbonate  of  Lime.*  It 
would,  therefore,  seem  to  make  all  the  difference  in  the 
-  world  in  this  oaae,  whether  the  Carbonate  of  Magneaia  is 
in  its  ordinary  oondition,  or  whether  it  is  newly  set  free 
from  combination  or  newly  formed ;  in  the  first  oaae  there 
will  be  no  tendency  to  form  Dolomite  with  any  Carbonate 
of  Lime  that  may  be  present,  in  the  aeoond  the  union  with 
Dolomite  may  tf^e  place. 

Dr.  Steiry  Hunt  has  given  special  attention  to  the  sub- 

{'ect  now  before  us,  and  he  has  suKOsted  two  reactions, 
\y  one  of  which  Dolomite  alone,  and  by  the  other  Dolo- 
mite and  Gypsum,  may  be  produced  by  precipitation,  t 

The  firat  method  he  Bug^ta  is  as  follows: — ^When 
alkaline  water  containing  Bicarbonate  of  Soda  in  solution 
acts  upon  sea- water,  the  soluble  salts  of  lime  and  maKnesia 
contained  in  the  latter  are  decomposed.  The  lime  s^»  are 
first  acted  upon,  and  Carbonate  of  Lime  is  precipitated 
aocompanied  by  two  or  three  hundredths  of  Carbonate  of 
Maenesia.  "When  this  has  been  effected,  a  solution  of 
Carbonate  of  Magnesia  remains,  which  on  evaporation 
deposits  Hydraf«d  Magnesian  Carbonate. 

He  remarks  that  the  separation  of  Uagnesian  Carbonate 
does  not  suppose  a  high  degree  of  concentration,  and  may 
have  gone  on  when  uniTnaT  life  was  present,  so  that  mag- 
nesian  beds  formed  in  this  way  may  be  fossiliferous. 
Before,  however,  precipitation  could  ti^e  place,  a  degree 
of  concentration  would  probably  be  aniTsd  at  greater  uian 
that  which  animals  can  bear,  and  &  more  or  less  sudd^i 
destruction  of  the  forms  of  lite  would  occur,  giving  rise  to 
a  deposit  abimdantly  fossiliferous.  When  the  water  had 
been  cleared  by  precipitation,  fresh  individuals  might 
migrate  into  it,  to  be  in  their  turn  destroyed  and  entombed 
when  a  state  of  saturation  was  again  arrived  at. 

Again  Dr.  Hunt  has  suggested  the  following  as  a  method 
by  which  Dolomite  and  Gypsum  may  be  formed  together. 

When  water  containing  Carbonate  of  Lime  is  mixed  with 
Sulphate  of  Uagnesia,  it  gives  rise  by  double  deoomposi- 

■  SiUiman'a  Joum.,  2nd  tar.  iznii.  170,  36S.  Rspoit  on  Uie 
zxviii.  181.  Geology  of  Canada  to   1863,  p. 

f  ffilTiTn^>n'ff  Joarn.,   2nd  Mr.      £7^* 
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tion  tw  Carbonate  of  UagneeiB  and  Sulphate  of  Lime.  l>r. 
Hunt  found  that,  if  the  solution  be  concentmted  by  evapo- 
latioii,  Gypsiuu  is  first  thrown  down,  the  Carbonate  of 
Magnesia  remaining  dieaolved.  If  now  an  additional 
supply  of  water  holding  Carbonate  of  Lime  in  solution  be 
furnished,  further  eraporation  may  cause  the  two  oarbo- 
natee  to  fall  down  in  a  state  of  intermixture,*  and  thus  a 
precipitate  containing  the  elements  of  Dolomite  will  be 
obtained. 

It  will  be  noticed  vhile  both  these  reactions  give  ne  the 
elemente  of  Dolomite,  neither  of  them  produoes  directly 
Dolomite  itself.  The  union  of  the  carbonates  into  true 
Dolomite  or  Dolomitic  Limestones,  Dr.  Hunt  thinks,  must 
have  been  brought  about  afterwards  by  the  aid  of  pressure 
and  temperature,  but  he  states  that  the  lowest  temperature 
at  which  the  combination  can  be  effected  has  not  been 
ascertained.  Bearing  in  mind  the  tendency  towards  the 
formation  of  double  salts  which  magnesia  is  stated  to  ex- 
hibit, it  seems  not  impossible  that  combination  may  take 
place  slowly  by  simple  chemical  affinity  without  the  aid  of 
any  very  luge  amount  either  of  pressure  or  heat. 

We  cannot  say  then  that  the  problem  of  forming  Dolo- 
mite by  direct  precipitation  has  yet  been  solved.  It  has 
not  been  found  possible,  under  the  conditions  which  we 
can  command,  to  effect  tfais  experimentally ;  but  it  by  no 
means  follows  that  such  a  method  of  formation  is  impos- 
sible :  the  ingenuity  of  chemists  has  hardly  exhausted  eveir 
pOBsiUe  combination  that  miffht  lead  to  such  a  result ;  and, 
even  were  this  the  case,  it  is  perfectly  possible  that  the 
necessary  conditions  may  be  su^  as  we  cannot  imitate  in 
our  labc^toTJes.  In  fact,  imperfect  as  has  been  at  present 
the  success  of  experimenters,  they  have  got  quite  far 
enough  to  justify  the  belief  that  the  process  consisted  in 
some  reaction  between  calcareous  and  magnesian  salts  in 
solntiou.  What  those  salts  were,  and  what  was  the  exact 
nature  of  the  reaction,  have  yet  to  be  learned. 

There  are  other  Dolomitio  and  Uagnesian  Limestones 
which  have  been  formed  by  the  alteration  of  ordinaiy  lime- 
stone. These  will  be  treated  of  in  the  chapter  on  Ueta- 
m^phicEocks. 

We  have  already  seen  our  way  in  a  dim  sort  of  fashion 
to  a  method  by  which  Gypsum  and  Dolomite  might  be 
formed  together ;  we  have  yet  to  explain  the  origin  M  great 

*  Biichof  I  aipetinieiils,  dMorilMil  a  little  way  back,  iMm  againtt 
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masses  of  Oypsum  nnacoompanied  by  Dolomite.  Several 
explanatdons  nave  been  offered  to  aooount  for  Buob  deposit 
hj  chemioal  precipitation.  It  is  evident  tliat,  if  Btreame 
holding  Sulphate  of  Lime  in  solution  discharge  themselves 
into  a  cloeea  body  of  water,  a  saturated  solutioD  would  at 
length  be  produced,  and  the  salt  would  be  thrown  down. 
The  precipitate  mi^ht  take  the  form  of  either  of  Anhydrite 
or  Gypsum  ;  we  do  not  know  the  conditione  which  determine 
which  of  the  two  it  will  be,  but  it  has  been  suggested  that 
preeaure  will  decide  whether  it  is  hydrated  or  anhydrous. 
Again  it  has  been  suggested  that  submarine  volcanic  out- 
bursts may  discharge  sulphurous  add,  which  would  be  con- 
verted  into  sulphuric  acid,  and  this,  acting  on  the  Carbo- 
nate of  Lime  in  solution,  would  give  nse  to  gypsum. 
Another  suggestion  is  that  solutions  of  alkaline  sulphates 
have  been  poured  into  sea-water,  and  that  mutual  decom- 
poeition  has  gone  on  between  their  contents  and  the 
Chloride  of  Calcium  of  the  sea-water,  which  has  resulted  in 
the  formation  of  Sulphate  of  Lime  and  soluble  alkaline 
cMorides. 


tion  necoBsaiy  to  produce  precipitation.* 

Other  Oypsums  which  are  probably  the  products  of 
alteration  of  Limestone  or  Anhydrite  will  be  considered 
under  the  head  of  Metomorphic  fiooks. 

SonroM  of  tli««  Ihteriala  fbr  Cli«inl<»l  Depovlbi, — 
We  have  next  to  inquire  from  whence  the  various  sub- 
stances neoessaiy  for  the  formation  of  chemioal  deposits 
m^  be  supposed  to  have  been  derived. 

Sea  water  contains  in  small  quantities  the  sslta  which  we 
have  enumerated  as  having  possibly  given  rise  to  chemically 
formed  rocks.  If  therefore  a  portion  of  the  ocean  were  cut 
off  by  the  formation  of  a  land  barrier  and  the  solution  con- 
centrated by  evaporation  till  predpitotion  ensued,  one  or 
more  of  these  rocks  might  be  formed ;  and  if  fresh  supplies 
were  from  time  to  time  introduced  by  an  opening  of  the 
barrier,  and  again  shut  off  by  the  closing  of  the  opening, 
or  if  by  inundation  or  any  other  means  the  area  was  refilled, 
considerable  thicknesses  of  precipitate  might  be  formed.  ^ 
Is  many  cases  however  we  can  scarcely  imagme  this  process 
to  have  been  repeated  often  enough  to  give  us  the  great 

*  Tha  rtndent  mny  refer  to 
Biachof,  Qtemioftl  Gtoology,  L 
diap.  IS;  Naanwiin,  Qeagaoue, 
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mamee  vhich  aotually  exist.  We  tlien  turn  to  inland  dosed 
Bheeta  of  water  into  which  streams  chaxg^^  with  the 
neoeesazy  ingredients  disoharge  themselves.  These  streams 
may  in  manj  inetaaces  derive  their  dissolved  matter  from 
the  rocks  over  or  throuph  which  they  flow.  The  deoomposi- 
tion of  Iron  Pyrites  wiilgive  the  Peroxide  of  Iron' necessary 
to  produce  the  prevalent  red  colour ;  Limestone  yields  Carbo- 
nate of  Lime,  Dolomite  that  salt  and  Carbonate  of  Mag- 
nesia, and  Gypsum  Sulphate  of  Lime. 

To  the  amount  of  dissolved  matter  furnished  in  this  way 
we  must  add  that  brought  in  by  mineral  springs.  These 
often  rise  from  considerable  depths,  where  Ute  temperature 
is  high  and  the  increased  pressure  enables  the  water  to 
bold  larger  amounts  of  Carbonic  Acid  and  other  solvents 
than  at  the  surface,  and  ao  increaaes  its  dissolving  power. 
The  most  powerfully  charged  mineral  springB  occur  in 
volcanic  districts,  and  it  is  probable  that  in  many  oaera  the 
materials  necessary  for  the  formation  of  chemical  rocks  came 
directly  from  a  volcanic  source.  In  other  cases  the  requisite 
oom^nents  may  have  been  furnished  by  the  destruction  of 

Sreviously  existing  rocks  of  a  similar  character ;  but  these 
ttter  probably  orieinally  drew  their  ingredients  from  a 
volcanio  origin,  so  that  it  is  likely,  that  in  all  cases  we  must 
took  upon  volcanic  action  as  the  agent,  which,  either  directly 
or  ultuoately,  furnished  the  materials  for  the  formatioQ  of 
chemical  rocks.  We  shall  again  touch  on  this  subject  in 
the  next  chapter. 

Exampla  of  Chemioallr  fbrmed  Daponta. — As  an 
instance  of  deposits  probably  formed,  in  part  at  least,  by 
precipitation  in  an  inland  sea,  we  may  take  the  Magnesian 
Limestone  and  its  associated  beds  of  the  north-east  of 

F.no-ltind 

Tliis  formation  consists  of  Limestonee  more  or  less  mag- 
nesian, Bed  Marls  and  Sandstones,  and  Gypsum  :  parts  of  it 
are  fbssiliferona,  but  the  number  of  species  is  small,  and 
the  individuals  are  many  of  them  puny  and  show  strange 
variations  from  their  normal  form.  On  these  and  other 
grounds  we  are  led  to  look  upon  the  group  as  an  inland  sea 
deposit,  and,  when  we  come  to  exanune  its  mranbers 
separately,  we  can  form  some  notion  of  the  suoceseion  of 
events  that  led  to  their  formation.  The  group  shows  tha 
following  main  subdivisions  beginning  fnna  the  top: — 

5.  Upper  Limestone  or  Brotherton  Beds. 
4.  Bed  Marls  and  Sandstones  with  Oypsum. 
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3.  Small-grained  Dolomite. 
2.  Sand;  Magueeian  Limestone. 
1 .  Qulokeande,  and  Harls  vUh  thin  heda  of  Uag- 
neeian  limestone. 

The  lowest  division  is  mainly  of  mechanical  origin  and  , 
Beema  to  have  been  deposited  before  oonoentration  had  gone 
far  enough  to  produce  general  precipitation.  The  quick- 
Bands  occur  in  local  patches  of  small  extent  and  shoT 
marked  oun^nt-beddiug ;  they  are  probably  portions  of 
deltas  spread  out  wherever  a  stream  entered  the  lake;  the 
marls  were  formed  out  of  muddy  sediment  further  within 
the  area,  and  the  thin  bands  of  impure  magnesion  lime- 
stone that  are  interbedded  with  them  were  probably  thrown 
locally  in  pools,  where  the  solution  became  ooncentrated 
enough  to  give  rise  to  precipitation. 

The  second  division  is  an  extremely  sandy  Uagoeuan 
limestone ;  the  sand  must  have  had  a  mechanic^  origin,  the 
dolomitio  portion  was  probably  a  chemical  precipitate.  We 
may  therefore  suppose  that  during  the  formation  of  this  por- 
tion precipitation  and  the  deposition  of  sandy  sediment  went 
on  together.  Some  of  the  beds  of  this  subdivision  however 
show  numerous  traoee  of  animal  remains :  these  may 
have  been  organic  limestones  farmed  when  the  water 
became  for  a  time  clear  enough  to  allow  of  creatures  living 
in  it,  and  afterwards  altered  by  percolation  when  the 
water  became  saturated  with  magnesian  salta.  It  is  in 
this  division  that  most  of  the  fossils  occur :  they  have  as  a 
rule  the  character  already  mentioned,  but  it  is  important 
for  our  present  purpose  to  note  that  one  mollusc,  Axtnu* 
ohteurui,  forms  an  exception  to  this  rule  ;  it  occurs  of  great 
size  and  in  considerable  numbeis,  and  would  seem  to  higre 
been  a  hardy  creature  that  could  stand  almost  anything 
and  live  almost  anywhere. 

The  third  division  differs  from  that  below  it  in  oontuning 
a  much  smaller  admixture  of  mechanical  matter,  in  parts 
wobably  it  approaches  very  nearly  to  a  true  Dolomite. 
Zhiring  ita  formation  therefore  precipitation  must  have 
gone  on  vigorously.  Except  a  few  traces  in  its  very  lowest 
beds  this  Smestone  contains  no  fossils,  and  the  meaning 
of  this  evidently  is  that  the  increasing  concentration  of  the 
solution,  which  was  the  cause  of  the  greater  purity  of  the 
rock,  was  too  much  even  for  the  han^  creatures  that  had 
struggled  on  daring  the  deposition  of  No.  2,  and  that  all 
animu  life  was  either  killed  or  driven  away. 
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During  the  deposition  of  No.  4  mechanical  action  pre- 
dominated, but  tne  bode  of  Oypenm  show  that  ^emioal 
agency  was  also  at  work. 

The  Limestonee  of  the  topmost  division  are  in  many 
caaee  scarcely  magneeian  at  all,  and  they  contain  a  few 
sadly  stunted  fosnls.  I>uring  their  formation  therefore 
the  water  must  have  been  so  far  free  from  magneeian  salts 
a«  to  be  just  habitable.  It  is  curious  that  the  only  three 
species  of  shells  found  in  this  division  ooour  also  in  No.  2  : 
these  we  must  auppoae  escaped  deatmotion  when  the  water 
became  onbearable  during  the  formation  of  No.  3,  struggled 
on  in  some  sheltered  nooks  or  comers,  perhaps  some  way 
up  the  liveiB,  and  came  back  into  the  like  when  matters 
b^an  to  mend  a  little.  As  we  should  expect,  among  the 
survivors  is  the  shell  which  showed  so  robust  a  oousHtulion 
during  the  fonnation  of  No.  2,  Axintu  oiteurtu  ;  but  even 
this  tough  fellow  had  evidently  had  a  hard  time  of  it,  for 
he  oomes  back  vray  much  dwarfed  in  size. 

The  formation  A  this  group  of  rocks  then  may  be  sup- 
posed to  have  taken  place  in  an  inland  body  of  water  fed 
by  streams  which  brought  in  both  mechanical  sedim.ent  and 
Blatter  in  solution.  Aa  time  went  on  the  water  would 
become  more  and  more  strongly  charged  with  dissolved 
matter,  and  accordingly  as  we  ascend  from  lower  to  higher 
beds  we  find  the  rocks  growing  more  and  more  chemioal  in 
their  character;  at  the  same  time  all  traces  of  life  dis- 
appear because  the  increasing  concentration  killed  or  drove 
away  such  animHlH  OS  had  managed  for  a  time  to  struggle  on. 
When,  later  on,  the  proportion  of  obnoxious  salts  decreased, 
a  few  of  the  animHla  wEich  hod  found  some  sheltered  spot 
where  ther  could  live,  came  back,  but  they  show  by  their 
puny  size  how  hard  had  been  the  struggle  they  had  gone 
through  in  the  meanwhile.* 

D. — TeaBBenuAi,  Bocxs. 

We  do  not  propose  to  add  anything  here  to  what  has 
been  said  on  the  subject  of  Terrestrial  rocks  in  the  last 
chapter.  It  is  hoped  that  the  descriptionB  there  given  will 
enable  the  reader  to  recognise  an  old  land  surface,  when- 
ever by  a  happy  accident  such  a  relic  has  been  sealed  up 
among  rocks  and  handed  down  to  the  present  day. 

AppliotUm  to  ft  pftrUovlftr  iastano*. — We  will  oou- 

*  For  fnitlis  detaili  mpect-  Oenlogical  Society  of  Loadon, 
ing  tbsM  rockst  •MQnart.  Joum.      xriL  'ISf. 
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elude  thu  chapter  by  an  example  <rf  the  way  in  which  the 
prmctpl«B  laid  dovn  in  it  enable  us  to  map  out  the  dietri' 
bution  of  land  and  eea  that  existed,  and  to  determine  the 
chanffea  in  phTsical  geography  that  happened,  during  a 
pericra  in  the  earth's  lifetime  long  past  by.  The  group 
of  rocks  known  to  geologists  as  the  Triaesic  forma- 
tion will  serve  our  purpose  admirably,  they  have  been 
traced  and  identified  over  a  very  large  part  of  the  worid ; 
as  we  follow  them  from  place  to  place  we  find  them  con- 
tinually changing  in  character,  and  the  form  they  asBume 
at  each  spot  tells  us  in  unmista^eable  language  what  were 
the  physical  conditions  in  that  quarter  during  the  time  of 
their  formation. 

In  England  this  formation  consists  exclusively  of  Eod 
Sandstones,  Shales,  and  Marls.  It  contains  thick  lenticular 
masses  of  Eock  Suit  and  Gypsum.  No  marine  fossils  have 
been  found  in  it,  but  it  jielda  remains  of  plants  and 
terrestrial  reptiles,  with  fishes  and  minute  crustaceans.  Its 
beds  show  plentifully  ripple-marked  and  sun-cracked  sur- 
faces, with  pseudomorphs  of  salt,  and  occasionally  reptilian 
footprints.  All  these  characters  lead  us  to  look  upon  the 
English  Triassic  rocks  as  having  been  formed  in  inland 
seas,  and  to  conclude  that  the  area  they  occupy  was  part 
of  a  broad  continental  tract  dirersified  by  large  closed 
sheets  of  salt  water. 

The  beds  just  described  pass  upwards  into  a  thin  band 
of  shale,  sandstone,  and  limestone  known  as  the  Fenartli 
beds,  wldch  contain  some  marine  fossils.  The  character 
of  these  rooks  shows  they  were  formed  in  shallow  water, 
and  their  fossils  prove  that  land  was  not  far  off,  for  besides 
the  marine  forms  they  include  the  remains  of  terrestrial 
mammals.  The  group  puts  on  more  and  more  pronounced 
littoral  characters  as  it  is  traced  westwards.  Tne  Penaitit 
beds  pass  up  insensibly  into  a  more  purely  marine  formation 
called  the  Lias.  This  group  of  rocks  tells  us,  that  after  a 
while  the  continental  area  of  Triassic  times  was  gently 
submerged,  that  the  sea  stole  over  it  from  east  to  west,  not 
reaching  beyond  the  south-west  of  England  during  the  for- 
mation of  the  Fenarth  group,  but  gradually  extending  its 
ran^  as  Lias  times  drew  on. 

When  we  come  to  the  Triassic  rocks  of  Central  Europe, 
we  find  them  more  complicated  than  their  English  repre- 
sentatives. A  large  part  of  them  are  Hod  Sandstones  and 
Shales  containing  chemical  deposits  of  Bock  Salt,  Gypsum, 
and  Dolomite,  which  seem  to  have  been  formed  in  inland 
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bodies  of  Bait  water ;  but  interatratified  with,  these  are  many 
beds  oontttining  marme  (ossils ;  amonp  the  most  conspicuous 
of  the  marine  intercalations  is  a  thick  mass  maiiily  com- 
posed of  limestone,  called  the  Muschelkalk.  The  inference 
to  be  drawn  from  these  facts  is,  that  during  Triassic  times 
the  centre  of  Europe  was  in  the  same  oondition  as  Eng:land, 
a  continental  tract  with  large  salt  lakes ;  but  there  was 
this  dijEFereuce  between  the  two  cases :  in  England  we  have 
no  proof  of  the  presence  of  the  sea,  while  iiere  we  have 
erideuce  that  the  sea  was  continually'  making  incursions 
over  the  land.  The  longest  and  most  important  of  these 
submergeucee  was  that  during  which  the  Muschelkalk  was 
formed,  and  by  noting  the  directions  in  which  that  group 
loses  its  calcareous  character  and  puts  on  a  littoral  type, 
ire  can  determine  how  far  the  sea  encroached.  Above  all 
these  rocks  oomes  a  band  oorresponding  in  every  respect  to 
the  Penarth  beds  of  our  island. 

Qoing  still  towards  the  east  we  find  the  Triassic  beds 
under  yet  another  form.  In  the  Eastern  Alps  and  Lom- 
bardy  Uiey  consist  of  thick  masses  of  limestone,  swarming 
with  marine  fossils,  and  it  is  only  in  their  lowest  division 
that  they  contain  any  beds  likely  to  be  of  inland  sea  origin. 
Here  then  there  must  have  existed,  during  the  greater 
part  of  the  Triassic  epoch,  an  open  ocean,  in  which  great 
masses  of  organic  limestone  grew  up.  It  is  worthy  of 
note  that  the  fossils  found  in  t£e  manne  intercalations  of 
the  Trias  of  Central  Europe  are  also  met  with  in  these 
easterly  calcareous  equivalents.  Above  these  limestones 
come  Uie  Kossen  beds,  a  group  which  corresponds  to  the 
Penarth  beds  of  England. 

Putting  all  these  facts  together  we  arrive  at  the  condu- 
sion,  that  during  Triassic  times  the  physical  geography  of 
what  is  now  Europe  was  as  follows.  To  the  east  there  was 
a  broad  open  ocean  and  to  the  west  a  continent  with  large 
salt  lakes,  and  the  limestones  of  the  eastern  area  were 
accumulated  in  the  one  at  the  same  time  that  the  inland 
Bea  deposits  of  the  west  were  being  formed  over  the  other. 
During;  the  whole  of  the  period  £ore  were  oscillations  of 
level,  m  oonsequence  of  wMish  the  sea  from  time  to  time 
advanced  over  parts  of  the  land  surface  and  then  retreated, 
but  none  of  these  incursions  roached  as  far  west  as  England. 
Whenever  the  sea  spread  itself  westwards,  it  would  bring 
with  it  out  of  the  eastern  ocean  those  forms  of  life  which 
were  of  a  migratory  turn,  and  hence  the  fossils  found  in 
the  marine  intercalatious  of  the  centre  of  Europe  are  alsa 
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met  vithis  thelimeotoneof  theEafltomAJpe:  other  forms, 
not  BO  ready  at  nhifting  their  qiioiteiB,  axe  peculiar  to  the 
Ifttter.  Filially  the  tendenOT  <a  the  sea  to  pnsh  weatwarda 
cidminated  in  a  general  BUbmeiveiioe,  which  oorared  tho 
Ifuid  ae  far  as  the  Bouth-west  of  England  with  a  shallow 
sheet  of  water  in  which  the  Feoarth  beds  were  deposited ; 
and  a  continaation  of  the  depression  resulted  in  prodoinng 
the  still  more  widely  spread  Liasaio  ocean. 
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VOLOAmo  B0CK8. 

"  Intcrdam  fttnun  pronunpif  sd  Bthsia  nnbam. 
Turbine  ftunuitmn  piow)  Bt  amdenle  laTill&  j 
IntsTdum  KopnlM  ATnlmqae  vitceis  mantu 
"  '  "         '     t,  liqas&u;tBqae  ntxa  per  aniw 
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IVJii  may  aezt  turn  oni  attentioii  to  the  Beoond  ^eat  doM 
TV  of  rodka,  those  name);  which  are  characteriaad  b;  a 
oyBtalline  tozture. 

Oiigin  of  OzjvteUili*  Books. — ^The  first  conraderatioB 
to  iniide  us  in  oui  resaanheB  into  the  method  of  fonnstioa 
<rf  Oiese  rocks  is  the  tact  that  bodies  dyHtallise,  when  they 
are  predpitated  from  ndntion  or  when  they  solidify  from 
a  Btate  ta  igneons  fuaioa,  prorided  the  prooess  in  either 
case  be  alow  and  gradnaL 

With  i^iard  then  to  the  orisiut  of  CiTEtalline  rooks  we 
have  two  hypothesee  to  try,  either  they  have  been  precipi- 
tated from  solation  or  they  have  oooled  down  from  a  fused 
condition.  The  former  of  these  two  notions  was  for  some 
time  favoured  by  geologists ;  the  oonstituenta  of  these 
rooks  were  supposed  to  have  been  somehow  held  in  eolation 
in  some  sort  <^  ocean,  and  in  some  way  or  other  to  have 
been  precipitated  from  the  dissolving  menstruum.  Such 
an  hypothesis  involved  wild  and  improbable  assumptions ; 
but  what  told  against  it  more  strongly  was  the  fact,  that  a 
very  cursory  examinatioa  of  the  O^staUine  rocks  suf&ced 
to  show  that  many  of  them  posaiBtsed  sundry  striking 
points  of  lesembUnJoe  to  those  products  of  igneous  fusion, 
which  are  poured  forth  by  modem  volcanoes  or  are  formed 
artificially  by  the  action  of  heat;  and  the  more  closely  such 
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rcN3ks  were  studied,  the  more  numerous  did  these  points  of 
reeemblance  beoome. 

Before  goin^  any  farther  we  wiU  take  a  particular 
instance,  and  ^ve  a  sbeteh  of  the  line  of  reasoning,  which 
in  that  case  loads  us  to  believe  that  a  CrTstaUine  rock  was 
formed  in  the  same  way  as  the  lava  of  modem  Tolcanoes. 

Let  us  examine  a  specimen  of  Ciystalline  rock  which 
posaeflses  the  texture  already  described  as  Yesicular.  Its 
surface  is  full  of  bubble-shaped  holes,  and  if  we  can  form 
any  reasonable  conjecture  as  to  the  manner  in  which  these 
holes  were  produced,  we  shall  have  made  considerable  way 
towards  explaining  the  origin  of  the  rock.  It  may  be  that 
we  notice  by  the  roadside  a  heap  of  stones,  some  of  which 
show  just  the  same  vesicular  structure  as  our  specimen. 
We  ask  the  stone-breaker  where  they  came  from,  and 
learn  that  they  have  been  brought  from  a  neighbouring  iron- 
works, and  are  called  slag.  Inquiring  at  the  works  how 
this  slag  js  produced,  we  learn  that  it  escapes  in  a  molten 
state  from  the  furnace  and  is  allowed  to  oool  in  the  open 
air,  and  that  the  carltlee  are  caused  by  the  boiling  up  and 
escape  of  oontained  gas.  Here  then  we  get  a  clue,  but 
before  we  can  safely  conclude  that  oar  specunen  was 
formed  in  the  same  way,  we  must  make  sure  that  there  is 
something  in  Nature's  workshop  which  oorteeponds  to  the 
blast  fumaoe,  and  is  capable  of  pouring  out  molten  matter 
similar  to  that  of  which  our  specimen  is  composed.  We 
find  the  requisite  engine  in  a  volcano  ;  and,  on  comparing 
the  hardened  surface  of  lava  streams  with  the  specimen, 
we  find  them  to  agree  not  only  in  being  vencular,  but  in 
so  many  other  respects  besides,  that  we  bave  no  hesitation 
in  conduding  that  the  rook  from  which  the  specimen  was 
taken  is  an  old  lava-fiow. 

On  such  general  grounds  then,  and  on  the  strength  of 
more  detailed  oonBideratdons  to  be  explained  in  this  chapter, 
we  are  quite  justified  in  concluding  that  a  laige  body  of 
the  Crystalline  rooks  were  onoe  in  the  same  semi-fused 
state  as  modern  lavas,  and  that  they  have  been  formed  in 
the  same  way  and  under  the  same  conditions  as  the  lava- 
sheets  that  are  poured  out  by  active  volcanoes.  To  such 
we  may  give  the  name  of  rbieoHie  rocks.  But  there  are 
other  CiystaUine  rocks  to  whose  formation  such  an  ex- 
planation  will  not  exactly  apply- 

One  group,  of  which  Granite  is  the  type,  while  they 
agree  with  subaeiial  lavas  in  their  crystalline  texture, 
differ  from  them  in  several  essential  particulars,  the  most 
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important  of  which  is  that  they  never  show  the  vesicular 
aad  Blagg7  texturoB  which  are  uniTersaU;  present  in  those 
products  of  Tolcamc  f  ueion  which  have  cooled  and  hardened 
m  the  open  air ;  and  though  there  can  be  no  doubt  that  they 
and  lavas  are  doselj  allied,  the  conditions  under  which  the 
two  wereformed  must  have  been  widely  different. 

Another  class,  equally  Grystalliue,  which  are  nsnall^ 
styled  Metamorphic  Bm^b,  can  be  shown  to  owe  theii 
crystaUine  texture  to  the  action  of  heat,  but  have  certainly 
never  been  ereu  bo  fluid  aa  lava.* 

These  three  subdivisions  are  established  on  sound 
grounda,  and  may  be  usefully  employed,  but  the  bare  fact 
that  heat  has  played  an  important  part  in  the  formation  of 
the  rocks  of  each,  raises  a  suspicion  that  the  difference 
between  them  may  be  after  all  one  of  degree  end  not  of 
kind.  It  seems  not  unlikely  that  a  rock  may  have  been  in 
one  ease  rendered  crystalline  without  being  melted,  and  so 
what  we  call  a  Metamorphic  rock  has  been  produced ;  and 
that  in  other  cases  the  very  same  rock  has  been  more 
intensely  heated  and  melted  down  into  a  semi-fused  lava. 
That  the  process,  in  a  word,  which  gave  rise  to  Ueta- 
moi^hiBm,  when  carried  further,  has  resulted  in  the 
production  of  lava.  And  further,  the  many  points  of 
resemblance  between  Volcanic  and  Qranitic  rocks  suggest 
the  idea  that  they  ore  both  essentially  lavas,  and  that  the 
differences  between  them  are  due  to  the  conditions  under 
which  they  cooled.  For  we  must  recollect,  that,  besides  the 
rocks  produced  by  the  ejection  of  matter  by  volcanoes  into 
the  open  air,  whii^  we  can  see,  there  ore  others  in  the  course 
of  formation  by  the  same  agency  underground,  which  we 
cannot  see :  these  we  can  easily  realise  will  differ  in  com- 
pactness and  other  respects  frcon  subaerial  products,  and  it 
IS  among  these  we  shall  find  that  we  must  look  for  the 
analogues  of  the  Granitio  and  other  allied  rocks.  And 
this  leads  ns  to  repeat  a  remark  already  made,  that  the 
inquiry  into  the  origin  of  Crystalline  rocks  is  by  no  means 
80  easy  as  the  corresponding  investigations  in  the  cose  of 
sedimentary  deposits.  In  me  latter  case  the  whole  process 
of  formation  goea  on  we  may  say  before  our  eyes,  and 
every  step  in  it  can  be  observed  and  recorded:  but  the 
causes  which  have  given  rise  to  Crystalline  rocks  have 
their  seat  of  action  l>ebw  the  surface,  and  we  can  only 

*  3inca  heat  hut  ba«n  oon-  staled  "  IgOMOt ; "  bnt  thu  tana 
oemed  in  the  production  oF  all  is  otosUv  natrioted  to  the  Vol* 
thflM  rocks,  tlief  might  all  be      canio  sod  Qnwitio  rack*. 
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infer  what  is  its  probable  mode  of  operation  tbere  from 
the  partial  manifeBtations  of  its  energy,  which  take  place 
when  it  breaks  forth  into  eruption  m  the  open  air. 

It  waa  desirable  to  give  Uie  reader  a  hint  aa  early  as 
possible  that  the  three  cloaaes  of  OiTBtalline  rocks  just 
mentioned  are  in  a  manner  akin  to  one  another ;  but  he 
must  not  expect  to  see  clearly  all  the  grounds  on  which 
the  euggeetion  is  based  till  ho  has  gone  through  this  and 
the  next  two  chapters. 

In  the  case  of  stratified  rocks  we  fonnd  that  some  of 
them  differed  in  no  respect  whatever  from  bedded  accumu- 
lations now  in  the  course  of  formation:  in  other  cases, 
with  many  points  of  resemblance  between  the  two,  differ- 
ences do  exist,  but  these  differences  wer«  shown  to  he 
due  to  the  change  which  had  been  wrought  in  the  rock 
dniing  the  long  time  that  had  elapsed  since  its  forma- 
tion, and  they  therefore  in  no  way  shook  our  belief, 
that  the  rock  was  originally  just  such  as  the  modem 
deposit,  whidi  it  still  resembles  in  many  points.  Just  so 
many  of  the  rocks  now  under  consideration  can  be  in 
no  respect  distinguished  from  the  products  of  active 
volcanoes :  in  other  cases,  thoufrh  the  resemblance  is  very 
close  in  certain  points,  the  parallel  is  imperfect  in  others. 
We  shall  see  however  that  even  in  the  case  of  the  latter 
we  are  not  necessarily  driven  to  conclude  that  they  had 
other  than  a  volcanic  origin,  for,  just  as  in  the  case  of 
sedimentary  rocks,  alterations  since  the  date  of  formation 
may  have  given  rise  to  the  differences. 

We  shafl  in  this  chapter  deal  mainly  with  those  Crystal- 
line rocks  which  approach  closely  the  molten  products  of 
modem  volcanoes.  And  it  will  be  convenient  U>  consider 
along  with  these  other  rocks,  not  Crystalline,  which  are 
formed  wholly  or  in  part  of  fragmentary  matters  showered 
out  by  volcanoes. 

One  word  of  warning,  before  we  go  any  farther,  will 
be  desirable.  The  reader  may  have  noticed  that  we  have 
spoken  of  the  imperfect  fluidity  of  lava.  It  ia  impor- 
tant that  he  should  realise  at  tlie  outset  that  lava  ia  not 
molten  in  the  same  sense  as  iron  when  it  flows  out  of  a 
furnace.  It  ia  in  most  cases  only  partially  fused,  and 
owes  its  power  of  flowing  in  large  meaaure  to  the  fact  that 
it  is  full  of  steam.  D:^  heat  Uierefore  and  heated  water 
both  have  a  share  in  its  formation,  and  it  is  to  the  assist- 
ance of  the  latter  that  it  owee  to  a  great  degree  its  crystal- 
line texture.     The  formation  of  crystals  by  heat  alone  ia 
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distrnguuhedaA  the  "lA^  w<iy;"  by  water  or  some  Hquid, 
80  the  "tM<  tmy,"  and  when  both  act  together  the  process 
is  known  as  "  hj/droth«nnal  aetion."  It  is  to  the  last  that 
the  fonnatioQ  of  lava  Is  due,  and  thonffh  we  may  tor 
ahortnesB  E^eak  of  the  fusion  of  hiva  or  of  fused  masses  of 
i^eons  loob,  we  must  always  recollect  that  such  expree- 
sioiu  are  staictly  incorrect,  and  we  mnst  never  for  a  moment 
forget  that  water  aa  well  as  heat  was  always  present.* 


Since  we  are  led  to  look  to  Tolcanic  agency  for  the 
source  of  many  of  the  igneous  rocks,  it  will  be  necessary  to 
study  the  action  and  products  of  modem  Toloanoee,  if  we 
would  understand  fully  how  these  rocks  were  formed. 

Volcanic  eruptions  occur  sometimeB  through  vents  which 
have  previously  given  ejtit  to  similar  outbreaks,  or  they 
burst  fo3^  on  spots  where  they  have  been  hitherto  un- 
known. In  either  case  they  are  heralded,  whenever  they 
are  of  a  severe  character,  by  earthquakes^  more  or  less 
violent,  but  confined  to  the  neighbourhood  of  the  vent,  and 
by  undereronnd  explosions  resembling  the  rolling  of  mus- 
ketry or  the  fire  of  heavy  artillery. 

After  a  while  the  ground  is  rent  asunder,  and  fissures  or 
orifices  torn  through  it.  From  tJiese  there  rush  up  with 
load  ezploeions  bodies  of  elastic  vapour,  which  rise  high 
into  the  air  in  the  shape  of  a  column,  and  spread  ont,  as 
tb^  condense,  horizontally  in  cloud-like  masses. 

The  elastic  fluids  carry  up  with  them  fragments  of  the 
rocks  through  which  they  have  torn  their  way,  and  these 
falling  back  are  again  and  again  shot  up,  tiU  they  aro 
reduced  by  continued  trituration  to  dust  and  powder 
known  as  Volcanic  Ash.  Fart  of  the  ejected  materials  foils 
back  into  the  vent,  part  accumiilates  around  the  orifice  and 
is  piled  up  roimd  it  in  a  mound,  and  as  layer  after  layer  is 
added  to  this  heap,  a  conical-shaped  hill  is  gradually  built 
up,  through  the  middle-  of  which  a  channel  or  chimney 
is  kept  open  by  the  repeated  discharges  of  vapour. 

*  On  the  ihara  whiA  «Bt«r  powibte  to  pnJM  too  tiighlf  ths 

hai  lud  in  the  fonnation  of  Om-  eiquuito  olMnlMt  and  eitennve 

taUiae  Tocki,  ese  DelMM  "  B«-  resssioh  of  thia  author,  bat  now 

cheichea  Bar  rorigina  dea  Bochet"  and    then    be  rides    hts   hobti; 

and   "  Etade*    tta  le  M^lamoi^  somewhat  hud. 
TiKiamf  del  Hoohes/'     It  u  in- 
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After  ft  while  a  mass  of  half-molten  rock,  or  lava,  which 
baa  been  all  the  time  bolting  up  from  below,  w^ls  up  the 
central  chimney,  and,  on  reac^iing  the  summit,  Btreams 
over  the  edges  and  down  the  eidee  of  the  cone,  forming,  as 
it  oools,  irregular  layers  that  mantle  round  it.  Over  these 
freeh  coatings  of  ejected  ash  ore  heaped,  and  are  in  turn 
covered  by  other  flows  of  melted  rock,  either  from  the  top 
of  the  chimney  or  from  openings  buret  through  the  flanks 
of  the  cone. 

The  violent  paroxysms,  which  accompany  the  eruption, 
sometimes  rend  and  tear  open  fissures  in  the  cone ;  into 
these  lava  is  forcibly  injected,  which  on  hardening  forms 
ribs  of  rock  known  as  "  dykes." 

Frodaoimg  Ca>Tis«s  of  Voloanio  Emptioii. — We  can 
explain  only  very  imperfectly  how  the  phenomena  just 
described  are  brought  about,  but  thus  much  is  clear. 
There  is  beneath  the  surface  a  large  mass  of  the  intensely 
heated  lava :  whether  this  lava  has  risen  from  some  deep- 
seated  reservoir  of  permanently  molten  matter,  or  whether  a 
sudden  accession  of  heat  has  melted  down  part  of  the  solid 
crust  of  the  earth,  we  don't  know  and  do  not  seem  likely  to 
have  any  means  of  knowing ;  all  we  can  say  is  that  the 
lava  is  there.  Alonr  with  it  there  is  water  in  the  state  of  high- 
pressure  steam,  whose  tension  is  continually  increasing  as 
the  temperature  rises.  The  expansion  of  the  lava  and  the 
elastic  force  of  the  vapour,  in  their  attempts  to  force  a  way 
through  the  rocks  that  hold  them  back,  cause  the  prelimi- 
nary earthquakes  and  underground  detonations.  At  last 
an  outlet  is  gained,  and  then  with  a  tremendous  burst  the 
imprisoned  steam  flashes  forth  in  repeated  explosions.  In 
the  meantime  the  vapour  still  retained  within  the  body  of 
the  lava  forces  the  latter  upwards  till  it  meets  with  an 
opening,  from  which  it  continues  to  escape  till  the  pressure 
is  so  Gti  abated  as  to  be  tmable  to  produce  any  further 
flow. 

Stractnra  of  Singla  Cons. — The  cone  produced  in  the 
manner  just  described  consists  of  alternating  sheets  of  ash 
and  lava  mantling  irregularly  over  one  another,  and  aU 
dipping  outwards  from  the  eetUre.  Fig.  34  is  a  vertical, 
and  Pig.  35  a  horizontal  section  or  ground  plan,  of  such  a 
cone.  The  successive  ejections  of  fragmentary  materials 
or  ash  are  seen  to  be  arranged  in  irregular  layers  wrapping 
over  one  another,  and  all  dipping  outwards  from  the  central 
axis :  interbedded  with  these  are  sheets  of  hardened  lava 
with  a  similar  arrangement :   oraoks  radiating  from  the 
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centre  and  filled  up  with  lava  form  a  number  of  dykes 
intereecting  the  cone :  lastly  in  the  middle  is  a  pit  or 
chimney,  called  the  crater,  filled  up  with  a  mass  of  lava. 
The  vertioal  section  shows  the  outward  dip  of  the  layers ; 
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vhile  in  the  horizontal  section  we  see  their  arrangement 
in  rudely  concentric  circular  sheets  round  the  axis,  and  the 
radial  disposition  of  the  dykes. 


EH 


Fig.  S5. — HouzoHTAL  SmonoR  ( 
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CMMtion  Kod  Bepotitioii  of  Eraption. — When  the 

acoumulated  masa  of  vapouT,  which  was  the  cause  of  the 
eruption,  ha«  discharged  itself,  a  period  of  repose  follows, 
and  will  he  either  permanent  or  broken  by  fresh  eruptions 
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accordii^  to  drciunatattcee.  If  there  be  no  tneh  aoceedon 
of  beat  beneatli,  the  Tolcanio  action  will  grow  fainter  and 
fainter,  till  it  at  last  diee  awa;  altogether  and  the  volcano 
becomea  ezinct.  If  heat  be  stiU  supplied,  but  uniformly 
and  in  moderate  degree,  and  if  nothing  happen  to  atop  up 
the  chimney,  the  volcano  pasaeB  into  a  state  of  permanent 
eentle  eruption.  The  chimney  however  may  become  choked 
m  many  ways.  Atmospheric  denudation  may  wash  down 
into  it  the  loose  materials  of  the  cone,*  or  it  may  become 
plugged  up  with  hardened  lava.  'Whenever  from  these  or 
other  causes  the  outlet  for  heat  and  its  products  is  closed, 
vapour  and  lava  again  accumulate,  and  at  last  another 
eruption  becomes  neceesary  to  release  them.  A  repetition 
of  eruption  may  also  be  caused,  without  the  vent  being 
dosed,  by  a  sudden  accession  of  fresh  heat  bdow. 

Thus  it  frequently  happens  that  eruption  follows  upon 
eruption,  and  at  each  active  period  the  heap  of  ejected 
materials  is  added  to,  till  the  original  cone  grows  into  a 
mighty  mountain.  The  outbursts  sometimes  take  place 
all  of  them  from  the  same  orifice,  and  then  the  volcano, 
whatever  its  sixe,  consists  of  only  one  cone  of  considerable 
regularity  of  outline.  But  more  frequently  each  fresh 
eruption  gives  rise  to  new  vents,  in  which  case  the  volcanic 
mountain  contains  a  confused  assemblage  of  cones  grouped 
round  a  central  peak. 

Tntneatioii  Mid  brauhiag  of  Coaa ;  Prodnotioit  of 
OruUr  and  Cons  within  it. — ^A«yet  we  have  looked  on 
successive  eruptions  as  continually  adding  to  the  mass  of 
the  mountain,  but  such  is  by  no  means  always  the  case. 
When  the  volcano  haa  attained  a  certain  height,  it  fre- 
quently happens  that  its  sides  are  not  strong  enough  to 
support  the  pressure  of  the  column  of  lavs  in  the  chimney. 
The  melted  rock  then  forces  out  a  way  for  itself  through 
openings  torn  in  the  flanks  of  the  cone,  or  sometimes 
breaks  down  the  whole  of  one  side  of  the  mountain.  The 
result  is  a  cone  breached  by  one  or  more  great  radial 
valleya. 

The  paroxysms  too,  that  accompany  the  more  violent 
outbursts,  often  blow  away  bodily  into  the  air  a  Urge  part 
of  the  cone,  and  tear  open  a  huge  crateral  hollow,  reach- 
ing far  down  into  ita  heart.  And  in  this  waj  much  of 
the  work,  which  previous  eruptions  have  performed  towards 

■  In  Fig.  34  the  mtarior  of  Oie  by  Sunt  dotted  Unas,  uod  U  ar- 
crater  hu  been  parUy  flllod  ap  nnged  in  lajfn  dipping;  mvranit 
in  Uiis  way ;  the  detritus  is  shown      towurdi  the  centra  of  the  uone. 
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bnildinff  up  a  Tolcano,  is  undone  by  a  single  ezptoeion. 
If  there  be  no  repetition  of  volcanic  energy  after  Buch  a 
oataatropbe,  tlie  hill  retains  the  form  of  a  truncated,  saddle- 
backed  cone ;  but  frequently  subaequent  eruptions  pile  up 
new  cones  within  the  old  crateral  hollows,  and  the  volcano 
then  consists  of  a  truncated  mountain  with  a  huge  hollow, 
prt  by  vertical  faces  on  its  inner  eido,  in  the  middle,  and  a 
central  peak  or  peaks  standing  on  the  floor  of  this  hollow. 
This  latter  form  is  extremely  common  and  pecuharly  charac- 
teristic of  mountains  of  volcanic  origin. 

Fig.  36  is  an  ideal  section  of  a  composite  volcanic  group 
formed  by  the  different  methods  iust  described.  The 
central  cone  is  in  full  eruption,  and  from  it  the  greater 
part  of  the  discharge  is  takmg  place.  To  the  left  is  a  cone 
of  which  a  large  part,  shown  oy  dott«d  lines,  has  bera 
blown  away,  and  an  immense  crateral  hollow  formed  :  this 
hollow  has  been  partly  choked  up  with  debris,  but  the 
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eruption  in  progress  has  reop^ied  tlie  vent,  and  is  heap- 
ing up  a  new  cone  within  the  old  crater.  To  the  right  of 
the  central  oone  is  an  old  cone  ^uite  quiescent,  the  ciuniney 
of  the  crater  being  plu^^  with  h^dcaed  lava,  and  the 
upper  part  filled  in  with  debris.  Still  farther  to  the  right 
are  other  coues,  each  marking  the  position  of  a  distinct 
vent .  One  of  these  forms  a  dome-shaped  boss  and  oon- 
rasts  wholly  of  lava ;  its  peculiar  form  is  owing  to  the  fact 
that  the  melted  rock,  of  which  it  is  formed,  issues  in  a 
semi-fluid  pasty  state,  and  escapes  in  thick  treacly  layers, 
which  cool  and  harden,  as  they  slide  down  the  edges  of 
the  mound,  before  they  have  travelled  far  from  the  vent. 

The  view  of  Barren  Island  in  the  Bay  of  Bengal  (Fig. 
37)  shows  well  several  of  the  alterations  in  form  to  which 
volcamc  mountains  are  liable.  Here  the  original  cone,  the 
approximate  outline  of  which  is  shown  by  dotted  lines,  has 
been  breached  by  a  rent  which  has  torn  open  the  ^tUey 
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tion  vliicb  carried  a-wa;  its  upper  part  and  blew  open 
|rreat  hollow  in  the  centre :  afterwards  a  repetition  of  die- 
^lar^es  has  piled  up  the  still  active  cone  within  the  hoUow. 

SnlwidnuM  afbw  Csufttion  of  EniptioiLn. — It  seems 
likel;  iltat  in  many  cases  after  a  volcano  has  become 
extinct  it  has  subedded  to  a  considerable  estent,  the  sinking 
having  been  most  considerable  around  the  vent  and  dying 
away  gradually  in  all  directions  outwards.  In  consequence 
of  this  movement  the  beds  around  the  chimney  of  an  old 
volcano  have  been  bent  out  of  their  original  position,  and 
show  a  dip  mwardi  towards  the  central  axis.* 

IHspcraiOB  of  Ash  mni.  flow  of  Lavn  barond  the 
OoBAt  bolongcd  Z^ksa. — So  far  we  have  considered 
only  that  part  of  the  products  of  en  eruption  which  go  to 
the  building  up  of  the  volcano :  these  however  in  most 
cases  form  only  a  small  part  of  the  whole  discharge.  The 
ashes  and  other  ejected  materials  are  often  cast  forth  far 
over  the  surrounding  country,  and,  when  finely  divided,  are 
carried  by  the  wind  to  enormous  distances.  The  lava 
streams  extend  far  beyond  the  base  of  the  cone,  covering 
in  aome  cases  hundreds  of  square  miles  of  oountiy,  and 
even  pursuing  their  course  over  the  sea-bottom.  We  have 
not  me  same  opportunities  of  tracing  the  extension  of 
dykes,  aa  we  have  in  the  case  of  subaerial  products, 
because  they  are  formed  beneath  the  surface,  but  there  is 
every  reason  to  beheve  that  they  are  not  confined  to  the 
cone  itself.  In  many  cases  volcanic  matter  has  been  oh- 
BOTved  to  be  emitted  from  a  number  of  vants  ranged  in  a 
straight  line  for  miles  across  the  counbr;  and  it  seems 
reasonable  to  suppose  that  such  points  of  escape  lie  on  a 
great  underground  fiissure  injected  with  lava,  the  cooling 
of  which,  on  the  cessation  of  the  volcanic  activi^,  will 
give  rise  to  a  prolonged  dyke,  similar  to  those  whi<^  may 
be  observed  on  a  smaller  scale  in  the  walls  of  the  cone 
itself.  Thus  in  the  eruption  of  Etna  in  1669  "a  fissure 
six  feet  broad,  and  of  unknown  depth,  opened  with  a  loud 
crash,  and  ran  in  a  somewhat  tortuous  course  to  within  a 
mile  of  the  summit  of  the  mountain.  It  emitted  a  most 
vivid  li^ht,"  from  which  we  may  conclude  that  it  was 
fiUed  with  melted  lava,  which  on  hardening  would  give 
rise  to  a  dyke.      "Its  length  was  twelve  miles.      Five 

*  Duwin,  Tdesnic  Iilandi,  p.  ivi.  241 ;  Jadd,  Ihfd.,  xtx.  257 1 
01  Seioiw,  TobMMM,  p.  2!26i  Kmg  tod  Nedda,  Kustw'a 
Uiapy,  Quart.  Jonin.  QeoL  So&i     Aichir,  tU.  217. 
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othw  parallel  flssnrea  of  considerable  leng^  ofterwardB 
opened  one  after  the  other."* 

A  Bimilar  cose  ocourred  in  the  emption  of  Sbaptor  Jokul 
in  1783.  "Lava  was  emitted  cousecutiTelj  at  aereral 
pconta  on  a  linear  range  of  two  hundred  nules.  No  doubt 
an  underground  fisBure  of  thia  length  at  least  was  injected 
with  lara  by  that  eruption,  and  remains  now  as  a  dyke 
travening  the  substrata."'}' 

Snbm^riiis  Emptioiui. — Volcanic  outbursts  take  place 
fram.  the  sea-bed  as  well  as  on  6tj  land.  We  have  not 
the  same  opportunitiee  of  examining  the  former  class  of 
eruptions  as  of  the  latter,  but  enough  is  known  to  warrant 
the  belief  that  the  two  differ  in  no  essential  respect  what- 
ever. The  flow  of  lava  beneath  water,  thongfi  at  first 
eight  an  unlikely  occurrence,  has  been  repeatedly  noticed.  J 
At  first  contact  a  certain  amount  of  vaporization  takes 
place,  but  a  crust  rapidly  forms  round  the  lava,  which 
prevents  the  water  coming  in  contact  with  the  molten 
Ulterior  of  the  stream,  and  in  consequence  of  its  low  oon* 
ducting  power  cheeks  the  escape  of  neat.  In  this  way  a 
constantly  lengthening  tunnel  is  formed,  within  which  the 
molten  matter  pursues  its  course  often  to  large  distances : 
and  if  the  disdiarge  take  place  in  deep  water,  it  is  con- 
ceivable that  the  pressure  of  the  overlying  fluid  will  check ' 
the  escape  both  of  elastic  vapour  and  rf  heat  from  the 
lava,  and  so  keep  it  fluid  for  a  longer  time,  and  cause  it  to 
spread  out  in  wider  and  more  regular  sheets,  than  if  it 
had  flowed  out  in  the  open  air. 

Tolomio  Frodncti. — We  will  now  look  a  little  more 
dosely  at  the  products  of  Volcanic  Action.  They  may  be 
subdivided  iiiti>— 

f  1)  Molten  or  Lavas. 

(2)  Fragmental  or  Ashes. 

(3)  Gaseous. 

(1)  Lavas. 

nnlditf. — ^The  degree  of  fluidity  of  lavas  varies  ctm- 
siderably,  but  it  is  rarely,  if  ever,  the  ease  that  it  is  in  a 
state  of  perfect  fusion,  g    Some  lavas  which  have  hardened 

■  Lyell,  PrindplM,   lOUi  sd.,  }  "  Id  the  coae  of  a  metal  in  a 

vol.  ii.  p.  il>  itate  of  parfeut  fusion,  it  i»  COB- 

t  Borope,  Volcanoes,  p.  53.  c«iTed  that  no  particle  of  fiuits 

t  Ibid.,  p.  92.  dimensiDDa  rsbuiu   its   solidity. 
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into  a  glass  have  probably  made  the  nearest  approach  to 
this  state,  bat  in  the  majority  of  cases  fluid  lava  seems  to 
consist  of  a  mass  of  ciystals  and  other  solid  particleB  enve- 
loped in  a  pasty,  imporfecUj  fused  mass  which  is  permeated 
throughout  by  superheated  steam  and  other  gases.  It  is 
the  presence  of  these  elastic  fluids  that  gives  to  most  lavas 
their  apparent  liquidity,  and  the  ability  to  flowin  streams; 
they  move  indeed  somewhat  for  the  same  reason  as  a  mix- 
ture of  sand  and  water,  which  will  run  down  a  slope  on 
which  dry  sand  would  lie. 

Mr.  Sraope  has  aptly  compared  lava  to  "certain  stages 
of  the  manufacture  of  sugar,  when  the  matter  consists  of 
a  soft  mass,  or  '  magma '  of  granulee  or  imperfect  crystals 
enveloped  in  a  liquid  (Byrup),  which,  being  subsequently 
dried  by  evaporation  or  dtamage,  consolidates  into  a  hard 
substance  formed  of  interlacing  crystals."* 

Of  the  presence  of  water  in  lava  there  is  abundant  proof. 
The  column  of  vapour  which  rises  from  the  crater  during 
a  ydcanio  eruption,  when  not  carried  away  by  wind,  con- 
denses and  falls  Ets  rain ;  great  cjouds  of  steam  rise  from 
the  surfaces  of  cooling  lava-flows,  ajid  large  bubbles  can 
be  observed  making  their  way  to  the  top  and  bursting  out 
in  steam-jets  with  mceesant  explosions.  It  is  the  bubbling 
up  and  escape  of  this  vapour  that  fills  lava  with  the  cavities 
and  vesicles  that  are  bo  characteristic  of  it,  specially  over 
its  upper  surface.  Some  of  the  minerals,  too,  which  occur 
ciystallised  in  lava  have  been  formed  artificially  in  the  wet 
way,  while  aU  attempts  to  produce  them  by  diy  heat  have 
failed ;  and  this  is  a  strong  argument  in  favour  of  the  pre- 
sence of  water  in  the  rock  where  they  occur.  Lastly,  a 
microecopicol  ezamination  of  lavas  shows  them  to  be  full 
of  smell  dosed  cavities  which  stUl  contain  water.  Some 
difiioulty  may  at  first  be  experienced  in  undeistanding  how 
water  can  exist  in  the  middle  of  a  mass  so  intensely  heated 
as  lava ;  a  much  lower  temperature,  it  might  seem,  would 
be  sufficient  to  vaporise  it  and  expel  it  as  steam.  But  it 
must  be  recoUected  that  the  temperature  at  which  water  is 

tides,  and  comurting-  partly  of 

, internal  elnBticv«poui-B, -whioh  bi- 

lis  of  imall  bat  finite  tbeir  MC«nding  mavanisTita   keep 

particliM,  wbioh  reldin  Mvarally  the  component  p&rticles  in  a  con- 

tbeir  iKilidJty,  vMIe  their  relatiTs  itant  itUe  ot  ebuUiiion." — Hor- 

mobilitf  it   maintaioeii   by  the  eihb,   Repait  on   Elevntion  itnd 

ramHiniiig  portion  oF  the  man  in-  Earthquakea,  Britigh  Asaoc.  I847. 

t«EveniDg  ID  a  more  paifeut  stJiln  '  VolcaDoea,   p.   4o  ;    uid  pp. 

of  fluidity  between  tbe  Klid  par-  121,  122. 
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converted  into  rapour  depends  on  tJie  presanre  to  which  it 
is  anbjected ;  increase  the  preaanre,  and  yaa  nine  the  boil- 
ing point.  Deep  down  in  the  Tglcanio  focus  the  weight  of 
the  orerlTing  lava  will  evidentlr  exert  an  enormons  pree- 
mre  on  any  water  that  may  be  present.  Possibly  this 
pressure  may  be  sufficient  to  keep  the  water  still  lig^uid,  in 
spite  of  the  intense  temperature ;  possibly  it  may  not  be 
sole  to  prevent  the  formation  of  steam,  bat  rally  to  check 
its  escape.  In  the  first  case,  if  the  presaore  be  sufKciently 
relaxed^  the  water  will  flash  suddenly  and  with  violent 
explosion  into  vapour;  in  the  second,  under  similar  at- 
cumstances,  a  mass  of  high-preesare  stesju  will  rush  out. 
When  the  straggles  of  the  imprisoned  vapour  to  get  free 
have  raised  tlie lava  sufficiently  near  the  surface  to  produce 
tlie  requisite  decrease  in  pressure,  one  or  both  of  these 
results  is  produced,  and  the  explosions  from  the  crater,  or 
the  outbursts  from  the  surface  of  the  lava  stream,  are  the 
result.  We  must  also  bear  in  mind,  ia  connection  with  the 
present  subject,  that  t&ere  are  circumstances  under  which 
water,  erven  under  an  absence  of  pressure,  may  be  exposed 
to  high  temperatures  without  being  vaporised.  If  water 
be  dropped  on  highly  heated  surfaces,  tt  is  not  converted 
into  vapour  if  the  temperature  be  solKd^itly  high,  but 
rolls  about  in  a  spheroidal  maas  and  slowly  evaporates 
without  boiling.  Possibly  water  may  exist  within  iieated 
lava  in  this  spheroidal  condition.  It  is  also  known  that, 
when  a  fluid  is  shut  up  in  a  closed  space  and  heat  is 
apjfJied,  the  pressure  of  the  vapour  produced  is  able  to 
keep  a  portion  i^  the  fluid  etiU  liquid  up  to  temperatures 
far  above  its  boiling  point  at  ordinary  atmospheric  pressure. 
Under  swih  drcumstances,  H.  C.  de  la  Tour  raised  water 
to  a  temperature  of  773°  F.  before  it  became  wholly  con- 
verted into  vapour. 

The  fluidity  of  any  lava  stream  will  depend  on  ite  com- 
position and  the  temperature  to  which  it  is  subjected : 
aettrit  pariiut,  lavas  of  a  basic  ore  more  easily  fusible  dian 
those  of  an  acidic  composition ;  hence  tbe  former  often 
issue  in  a  state  of  sufficient  fluidity  to  allow  of  their  flow- 
ing to  considerable  distances,  and  it  is  lavas  of  this  ctass 
that  as  a  rule  form  the  longest  and  most  extensive  streams. 
The  acidic  lavas  on  the  other  hand  furnish  the  most  strik- 
ing instances  of  imperfect  fluidity ;  in  some  cases  they 
a.Bcend  in  such  a  tluch  pasty  state,  that  they  consolidate 
in  dome-shaped  mounds  immediately  around  the  vent; 
given  heat  enough,  however,  even  the  most  highly  audio 
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Ietw  attain  &  ta^  de^rne  of  flui^ty,  and  ^re  rise  to  flows 
of  oDDsiderable  ^mennonB. 

MrtioB  of  KKTk  Stawuna,  sad  Ttsia**  of  tlwlv 
dilliivaat  Bute.— On  aooonnt  of  its  pastj  condition  and 
the  rapid  ooding  ot  its  exterior  Rnrfaoea,  the  motion  of  a 
lava  ebteam  differs  omsidembly  from  that  of  a  perfect 
fluid.  The  rarfaoe  hardmis  into  a  crust  of  slags  and 
dnders,  whibh  on  account  of  ita  \aw  oonductiag  power 
checks  the  escape  of  heat  from  the  interior  of  the  mass, 
and  bUows  the  central  part  of  the  flow  to  preeerre  its 
liqnidity  and  capability  of  motion  for  long  penode.  The 
loose  sooriaceous  oavering  is  carried  forward  by  the  flow 
of  the  central  fluid  portion,  and  falling  over  the  front  of 
tiie  stream  forms  a  pavement  across  vhich  the  still  molten 
internal  portion  advanoea.  At  the  apper  surface  of  the 
stream  also,  the  bubbling  np  of  the  contained  elastic  fluids 
fills  the  hajdened  crust  with  cavitiee  and  veeiclee.  The 
interior  portion,  which  cools  slowly  and  under  a  certain 
amoont  of  pressure,  is  more  compact,  and  as  we  aporoacli 
the  oentre  the  texture  frequently  becomes  more  ana  more 
coarsely  crystalline.  A  section  of  a  hardened  lava  stream 
aooordmgly  <^tea  ehows  a  oLndery  base,  a  dense  and 
OTstalliae  oentre,  and  an  open  and  vesicular  top.  The 
upper  surface  also  frequently  assumes  a  ropy  structure 
fnnn  the  slow  drag^g  ont  of  half -cooled  viscid  portions. 
We  shall  see,  when  we  come  to  tlie  deecriptioQ  of  the 
ancieot  igneous  rocks,  that  some  of  them  present  exactly 
tite  same  peculiaritiee,  and  must  therefore  have  been 
snbaSrial  lava  flows. 

Where  lava  is  forcttdy  intruded  through  other  rocks,  the 
pressure  to  which  it  is  subjected  prevents  the  formation  of 
oindery  or  sooriaceous  texture.  The  bounding  surfaces 
of  the  intrusive  mass  oool  too  rapidly  to  allow  of  the 
formation  of  ciystals,  and  are  usually  dense  and  compact ; 
the  oentre,  whi^  cocjs  more  slowly,  shows  a  more  ciystal- 
line  texture. 

Bat,  though  there  can  be  little  doubt  that  in  many  cases 
it  is  the  rate  of  cooling  which  determines  whether  a  lava 
shall  consolidate  into  a  coarsely  orystalline  or  a  compact 
rock,  the  student  must  not  jump  to  the  oondudon  that 
every  coarsely  crystalline  rock  he  meets  with  necessarily 
owes  its  texture  to  its  having  cooled  slowly.  There  are 
lavas  containing  large  crystab  whose  superior  coarseness 
of  grain  cannot  oe  accounted  for  in  this  way,  and  in  which 
the  crystals  must  have  been  present  in  ihe  lava,  ready 
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made,  so  to  apeak,  at  the  tiipe  of  its  enuBsion.  And  Bach 
a  BUp|KMitiott  preeeutB  no  difBculty.  We  have  seen  that 
moat,  if  not  al^  lavaa  ooneist  of  a  greator  or  leaa  propor- 
tioD  of  solid  particles  enveloped  in  a  mixture  of  imper- 
feotly  melted  matter  and  steam,  and,  in  the  lavae  ve  are 
now  dealing  with,  eome  of  the  aolid  particlea  are  well- 
formed  eryfftalfl.  There  are  two  wajo  of  accountiag  for 
the  presence  of  these  crystalB.  It  is  possible  that,  as  the 
lava  rises  from  the  intensely  heated  depths  of  the  volcanie 
focus  into  higher  and  somewhat  cooler  regions,  portions 
may  consolidate  and  cryatalliae  while  the  mass  reniains  in 
a  more  or  less  molten  condition.  Another,  and  perhaps  a 
more  likely,  explanation  is  as  follows.  We  ahall  eee  in 
the  next  chapter  that  many  rocks  have  been  auhjeoted  to  a 

frocesa  known  as  metamorphism,  by  which  or^italB  have 
een  developed  in  them,  though  they  were  previously  non- 
crystalline. We  are  very  much  in  the  dark  as  to  the  exact 
manner  in  which  the  change  has  been  produced ;  but  there 
is  httle  doubt  that  three  necessary  and  powerful  agents  in 
bringing  it  about  are  heat,  pressure,  and  the  presence  of 
water.  All  three  of  these  are  at  work  in  the  depths  of  a 
volcano  ;  and  there  can  be  little  doubt  that  the  manufac- 
ture of  oiystala  by  metomorphic  action  must  be  constantly 
goin^  on  in  the  Tocka  surrounding  a  centre  of  volcanic 
acting.  When  those  rocks  are  shattered  by  the  throes  of 
an  eruption,  we  can  readily  imagine  that  the  crystals  will 
be  shaken  looee,  and,  falling  into  the  more  fluid  portions 
of  the  lava,  will  be  carried  out  when  it  is  discharged,  and 
embedded  in  it  when  it  consolidates.  It  may  not  be 
always  possible  to  say  whether  the  crystals  in  lava  have 
been  formed  during  oonsolidatioTi  or  previously  to  emis- 
sion, but  we  must  be  careful  not  to  lose  sight  of  the 
poBsihili^  of  coarsely  dystalline  texture  having  been  pro- 
duced  in  more  than  one  way. 

CompoBitioit  of  Iata. — ^From  a  brood  point  of  view 
there  is  no  essential  difFerence  between  the  mineralogical 
and  chemical  composition  of  modem  lavas  and  that  of  the 
Crystalline  rocks  which  resemble  them  in  structure  and 
other  respects.  Lavas,  like  Crystalline  rocks,  have  all  a 
Felspar,  or  a  Febpathic  mineral,  for  one  of  their  principal 
constituents,  and  show  Addic,  Basic,  and  Intermediate 
varietteB.  Ferhaps  no  modem  lava  is  so  highly  silicated 
as  some  of  the  extreme  members  of  the  Acidic  class  of  the 
Crystalline  rocks,  and  there  are  certain  minerals  found  in 
modem  lavas  which  do  not  oocur  in  the  latter.    Some 
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gfioIonstB  have  endeavoured  to  show,  on  the  etrength  of 
such  facts  as  these,  that  the  Tolcanic  products  of  every  one 
of  the  past  periods  of  the  earth's  lifetuue  have  each  been 
oharaoterized  all  the  world  over  by  Bome  peculiarity  in 
mineral  oompoBition ;  so  that  if  we  find  igneous  rocks  in 
difiereat  parts  of  the  world  aereeing  in  this  reject,  we 
may  safely  cnnclude  they  are  of  the  same  age.  We  must 
hesitate  before  we  accept  these  conclusiona,  for  several 
ifiasons.  The  facts  on  which  they  are  based  are  certainly 
open  to  question ;  the  reasoning  by  which  they  are  sup- 
ported, invidves  many  very  doubtful  assumptions ;  and, 
what  is  most  fatal  to  them,  they  altogether  i^ore  the  pos- 
sibilil^  of  gradual  change  in  mineral  composition  after  the 
formation  of  the  rock.  That  such  changes  have  taken 
place  we  have  abundant  proof ;  and,  if  this  point  is  once 
admitted,  the  value  of  mineral  composition  as  a  test  of  age 
goes  at  once.*  To  take  one  instance,  Lendte  is  a  mineral 
«ztremel;  comm<m  in  some  modem  lavas,  but  for  a  long 
time  it  was  behaved  to  be  entirely  absent  from  the  older 
Crystalline  rocks.  A  rock,  however,  has  been  detected  con- 
taining Leudte,  bat  the  loi^r  number  of  the  crystals  have 
been  changed  into  Orthodose.'l'  This  single  observation 
shows  that  it  ia  possible  that  the  Felspar  of  other  ancient 
rocks  may  have  Deen  originally  Leudte,  and  that,  though 
the  prevuent  mineral  of  these  rocks  now  differs  from  that 
of  many  modem  lavas,  it  may  originally  have  been  the 
same.  We  shall  have  more  to  say  about  the  apparent 
want  of  ^reement  in  mineral  composition  between  the 
older  Oystalline  rooks  and  modem  lavas  at  the  end  of  the 
diapter. 

Ttxtu*  of  lAT». — ^The  varieties  of  texture  of  lava  are 
exactly  the  same  as  those  already  described  aa  charac- 
terising OrystaUine  rocks,  and  we  need  not  therefore  repeat 
the  account  of  them  here. 

The  structure  of  lava  on  a  large  scale  falls  next  to  be 


Bsddsd  BtniotTira. — When  one  flow  has  had  time  to 
harden  before  another  has  been  laid  down  upon  it,  lava 
streams  aeaome  a  rude  sort  of  bedding ;  and  here  we  find  one 
exception  to  the  generalization  that  Crystalline  rocks  are 
nnsteatified.  The  beds,  however,  will  be  wedge-shaped 
and  ill-defined,  and  more  like  the  irregularly  stratified 
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acoamulatioiu  of  diallow  w«tar  ttian  the  OTenly-bedded 
roobs  produced  hjdaw  and  regular  d^outioa  of  wdiment. 

Lamiaatod  MrBOtnr*.— Lavas  oooaskiaa%  ahow 
aoslv,  laminated,  or  tabular  Btraotore,  quite  distiuot  from 
the  bedding  piodTioedby  sncceaaiTe  flows.  The  cause  <rf  this 
stmctare  is  beliered  to  be  in  some  oiwes  the  frictional  drag 
on  the  partidee  as  tixey  moved  slowly  over  <nie  another 
under  preesuxe,  and  then  it  is  partially  analt^ious  to 
cleavage;  in  odier  cases  this  stmctare  seems  to  be  one 
produced  subsequently  to  emiaaion,  and  to  be  due,  like 
cleavage,  entirdy  to  preeeure.  It  is  poesible  that  in  srane 
cases  the  divisionB  may  coincide  with  Buifaoca  of  equal 
temperature,  and  may  have  been  produced  by  shrinkage 

Annng  OOt^iug. 

JoJAting  and  OoIbmumt  Unwtnx*. — Jtdnting  of  the 
ordinaiy  character  is  very  generaDj  present  in  lavas. 
But  in  their  case  two  pecnUaritiea  require  special  notice 
jiader  this  head.  In  some  lavas  shrinkage  during  cooling 
breaks  up  the  stivam  into  a  wild  assemblage  of  irregularly 
shaped  Uooks  with  a  surface  of  indescribable  rngsMnese. 
Other  lavas  possess  jointing  of  a  singnlarly  regular  and 
rnxmoonced  ^Vfi  which  gives  rise  to  what  is  Euovn  as 
Columnar  or  Frinuatic  Stractura.  The  process  d  division 
has  been  carried  out  with  almost  mathematical  exactmees, 
and  the  whole  mass  is  cut  up  into  long  priimatio  otdumns 
of  three,  four,  five,  or  six  sides,  netmy  fitted  into  one 
another.  The  prisms  are  divided  bv  transverse  joints, 
and  the  snrf aces  of  these  are  frequent^  altcaiiately  concave 
and  oonvex,  so  that  each  column  is  made  up  of  a  number 
of  portiouB  fitting  into  one  another  with  baU-and-eocket 
joints.  The  prisms  tend  to  arrange  themselves  with  their 
axee  perpendicular  to  the  cooling  aurface,  so  that  in  a  lavn 
stream  uicy  are  at  right  angles  to  the  ground,  in  a  dyke 
at  right  an^es  to  its  w^lls. 

Iteny  attempts  have  been  made  to  see  through  the 
steps  of  the  process  by  which  this  structure  has  been 
arrived  at.  The  reader  wiU  find  the  latest  explanation, 
and  an  account  and  criticism  of  the  most  important  of 
these  which  proceded  it,  in  a  paper  by  Mr.  Uallet,  in  the 
Phil.  Mag.  <4th  ser.  vol.  L  p.  133. 

OonorvtionKry  Mnoture. — Many  lava  rocks  have  a 
O(noreta<»az7  gtructore.  This  is  beat  brought  out  where 
they  have  bees  exposed  to  the  action  of  the  weathn',  which 
brraks  them  op  into  a  number  of  rude^  spheroidal  balls 
imbedded  in  the  more  thoroughly  decomposed  portions  of 
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the  rock.  The  nodules  are  fcwuently  made  up  of  onion- 
like  oonoentric  coats,  whiok  peel  oS  one  b;  one  as  disin- 
teg^ation  goee  on.  The  columnar  lavas  with  ball-and- 
Bocket  struoture  paaa  into  the  more  thoroughly  conoretionaiy 
(onus,* 

Farallal  b«tw««B  Lan  and  CrTWtallia*  Bock*  is 
■IruuluT*. — Structures,  exactly  correeponding  to  thoe« 
joBt  described  as  chamoteristio  of  modem  laTaa,  are  found 
among  the  older  CrTstalline  rocks.  All  show  at  times  a 
columnar  structure.  It  is,  perhaps,  most  oonspicnous  in 
Basalt,  in  which  rock  the  oolumns  are  tiiick  and  regular 
.  with  equi-distant  joints.  The  prisms  of  Falstonee  are 
slenderer  and  less  regular,  and  often  stretch  to  a  great 
length  without  any  transvmee  joints.  The  same  peculiarity 
has  been  noticed  in  Granite,  at  Uie  Land's  End  ^Trana- 
aotions  GW.  Soo.  of  Cornwall,  iii.  208),  in  Algeria 
("Comptes  Bendus,"  xxvi.  76),  and  in  the  Sy^te  of 
Ailsa  <>ag  (Uacculloch  "Western  Islands,"  ii.  493). 

Concretionary  structuze  is  very  oonspiouous  among 
Dioritio  rocks.  Quarries  on  some  dykes  m  Ooruwall  are 
often  dug  out  to  a  considerable  depth  through  a  mass  of 
loose  crumbly  earth,  fuU  of  rounded  blocks,  that  at  first 
sight  looks  exactly  like  an  accumulation  of  coarse  river- 
detritus.  This,  howevar,  gradually  passes  down  into  solid 
Diorite,  on  the  exposed  faces  of  which  a  tendency  to  break 
up  into  concretions  is  cleariy  seen  to  be  gradually  brought 
ont  by  weathering ;  and  an  examination  of  the  loose  cap-. 
pilU'  shows  that  Uie  inooherent  part  consists  of  the  more 
eaeuy  deeompoeed  portion  of  the  rock,  and  that  what  might 
be  taken  for  boiilderB,  are  tJie  more  stubborn  ooncretions.t 

Fearlatone  and  globular  Felatonee  are  examples  of  ooncre- 
tjonaty  structure  among  Acidic  CrystaUiiie  rocks.  In  many 
of  tike  older  rooks  this  arrangemrait  has  been  obscured  by 
consolidation,  but  is  brought  out  again  when  the  rock  has 
been  exposed  to  the  action  of  the  air. 

*  Bee  the  •xperinunita  of  Gi«-  oanoM,  93 ;  Kaniiuiiii,  Lebrlnioli 

gorr  Watt,  Fhilowphios)  Tno*-  der  OMgiiD*i«,  i.  480. 

aouoni,  1B04;  D«  la  Beehe,  B«-  t  I  noollect  an  exoeUent  in- 

MArahea  In  TheoT«tio«l  Qwlogy,  itMwe  near  St.  Budmnx,  north  of 


5. 109;  JokM, 
cd  ed.,  p.    1 
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(2)  Fraouental  Froduotb. 

The  fragmental  products  of  Toloanic  action  aio  of  two 
kinds:  first  the  ejected  maeees  of  solid  pre-existing  rock 
through  which  the  eruption  has  burst  its  way ;  secondly, 
poitions  of  the  melt«d  Wa,  which  have  been  torn  off  and 
tossed  up  into  the  air  in  a  melted  or  pasty  condition,  and 
hardened  as  they  fell  Deposits  of  TOlcauic  ash  generally 
consist  of  a  miiture  of  both  kinds  of  materials,  and  vary  in 
grain  from  the  finest  and  moat  impalpable  dust  to  coarse 
accumulations  containing  angular  blocks  up  to  sereral  tons 
in  weight.  Thus,  to  speak  first  of  the  ooaraer  ejectments, 
"  by  the  eruption  of  Cotopazl  in  1533,  the  plain  around  the 
foot  of  the  mountain  was  strewed  through  a  radius  of  fifteen 
miles  and  more  with  great  fragments  of  rock,  many  of  which 
measured  as  much  as  nine  feet  in  diameter"  (Scrope, 
"Volcanoes,"  p,  55). 


Similar  ejected  masses  occur  in  rocks  of  older  date  but 
the  same  origin.  Fig.  38  shows  a  group  of  such  blocks 
embedded  in  stratified  ash  on  the  shore  near  North  Ber- 
wick. The  waves  have  stripped  off  the  finer  and  softer 
parte  of  the  deposit  with  which  these  masses  were 
originally  surrounded,  but  boulders  equally  large  and 
an^ilar  may  be  seen  hard  by,  still  enclosed  in  ashy  layers 
that  hare  not  yet  undergone  denudation.  I  tuiow  of 
nothing  which  brings  home  so  forcibly  to  the  mind  the 
enormous  energy  of  volcanic  forces  as  the  sight  of  these 
huge  missiles,  and  an  attempt  to  realise  the  power 
necessary  to  tear  them  from  their  bed  and  hurl  them 
forth  broadcast  over  tlie  country. 
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A  lar^  portion,  hoverer,  of  the  matter  thrown  out  of 
Tolcsnoes  is  toaaed  up  orer  and  over  again  till  it  becontes 
broken  and  ground  down  to  Btonee,  duat,  and  powder.  Out 
of  this  finer  material,  together  with  the  portionB  torn  off 
the  surface  of  the  liquid  lava,  the  greater  part  of  ashy 
formations  are  made  up ;  it  forms  the  paste  in  which  the 
large  blocks,  when  there  present,  are  embedded,  or  it  con- 
atitutoB  the  whole  body  of  the  deposit. 

The  following  are  the  chief  terms  used  in  describing 
volcanic  fragmentary  productions. 

SeoruB  are  the  ragged  fragments  of  lava  which  have 
hardened  into  cinder-lijce  forms. 

£omb»  are  portions  of  lava  whic^  have  been  thrown  out 
in  a  liquid  state,  and,  owincr  to  a  rapid  rotation  in  their 
path,  have  assumed  a  rudely  spherical  shape :  they  are 
often  hollow. 

The  smaller  fragments  go  by  the  general  name  of  ZynlU 
or  VoUanie  SUmM. 

PimxeUma  is  a  name  given  by  the  Italians  to  still  finer 
volcanic  powder ;  and  the  finest  dust  of  all  is  called  in  the 
same  language  CentH,  or  Ashes. 

BtraotoTS  of  ^nbasrial  Aaby  I>«po»its. — The  struc- 
ture and  arrangement  of  deposits  formed. out  of  volcanic 
ejections  will  vary  according  as  the  latter  fall  on  the  laud 
or  into  water. 

In  the  first  case  there  will  be  an  absence  or  an  imper- 
fect degree  of  bedding,  and  a  tendency  more  or  less  pro- 
nounced to  a  confused  grouping  of  the  materials. 

When  a  subaerial  accumulation  of  ejected  materials  con- 
t^ns  many  large  blocks,  and  when  its  components  are 
huddled  together  in  a  pell-mell  way  without  regard  to  size, 
shape,  or  weight,  it  fonns  a  Volctmio  AffffloouraU  ;  and  if 
the  larger  fragments  are  markedly  angular,  this  peculiarity 
may  be  denized  by  the  qualifying  term  BrMciaUd.  A 
Vokimie  Brteeia  is  a  rock  of  similar  character,  in  which  the 
confusion  and  absence  of  arrangement  is  less  marked.  The 
finer  fragmentary  productions,  which  fioat  through  the 
air  oft«n  for  long  distances,  settle  down  more  genUy  and 
regularly,  and  give  rise  to  deposits  with  some  appearance 
of  bedding.  The  finer  ashes  in  their  passage  through  the 
air  often  become  mixed  with  water,  either  rain  or  condensed 
steam  issuing  from  the  volcano  ;  in  this  case  Uiey  cohere 
more  readily  when  they  fall,  and  give  rise  to  a  harder  and 
moreoompactrockthanthat  formed  by  accumulations  of  dry 
ash.     The  beds  that  cover  Herculaneom  ate  of  this  nature. 
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Aflh,  too,  that  baa  already  settled  on  the  ground  is  often 
torn  np  and  Bvept  away  by  torrente  of  rain,  or  by  floods 
produoed  by  tbe  sudden  melting  of  enow  w  the  bursting  of 
takee,  and  rearranged  afresh.  In  this  way  a  Volcanic 
Breoda  may  have  its  larger  fragments  rounded  and  become 
oonverted  into  a  Voleanie  Conghmm-aU ;  a  pile  or  oone  of  fine 
loose  ash  may  be  swept  away  and  spread  out  in  a  layer  over 
the  distriot  which  surrounds  it,  and  will  frequently,  owing 
to  the  admixture  of  wat«r  "  set "  into  a  compact  loek. 

The  rocks  formed  by  these  admixtures  of  voloanic  ash 
and  water  are  known  as  Fokatue  2\t^  or  PeptrinM. 

The  term  Tuff  is,  however,  by  some  authors  confined  to  a 
rook  formed  when  a  lava  flow  is  suddenly  advanced  into 
water,  or  is  ejected  beneath  water.  In  such  a  case  it  some- 
times happens  that  the  lava  is  instantly  bn^en  up  into 
fragments.  Fragmental  matter  thus  produced  may  often 
be  oistingiiiafaedfrom  ejected  ashes  inuiie  way:  eachgrain 
of  the  latter  is  more  or  less  glazed  on  the  outside  by  the 
heat  of  the  volcano,  the  fragments  of  a  lava  stream  dinnte- 
grated  by  the  sudden  action  of  water  show  no  such  glased 


Voloanio  ash  may  also  be  showered  0Te|  the  surface  of  a 
lava  stream  while  the  latter  is  still  soft,  and  a  rgck  is  th«n 
formed  of  lapilli  embedded  in  a  paste  of  lava. 

■Iruelura  of  Sabkqasoui  Aj^  D*positfl. — The  frog' 

mentary  productions  that  fall  into  still  water  will  produce 
rocks  differing  but  little  from  the  more  gently  formed  of  the 
Bubaerial  ashes ;  but  streams,  tides,  and  cunrents  will  roimd 
and  distribute  the  fragments  they  receive,  and  will  give  rise 
to  Conglomerates  and  gritty  rocks  of  various  degrees  of 
coarseness  and  with  weU-inarked  bedding.  These  may  be 
distinguished  as  ttibaqutau*  tuff*. 

It  may  well  happen  that  water  into  which  voloanio  ash 
is  being  showered  receives  at  the  same  time  sedimentary 
materials  from  rivers  that  empt^  into  it.  In  this  way  there 
will  arise  rocks  of  a  mixed  origin :  when  the  me(Uianioal 
sediment  is  mainly  Sand,  we  shall  get  an  Ashy  Sandstone  ; 
if  limestone  is  being  formed  in  the  water,  there  will  result 
a  Oaloareous  Ash ;  and  so  on.* 

All  these  fragmentary  deposits  ore  capable  of  endoeing 
and  preserving  the  remains  of  plants  and  imini*!*  vhiw 
lived  at  the  spots  when  they  fell,  and  such  remains  are 
oocBfiionally  found  in  them. 

*  For  a  beautiful  sEAinpIe  of  a  nan/utrj  dapodti,  lea  QvA.  H*g>, 
volcanis  itons  embtdded  in  Mdi-      i.  pL  34. 
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Volcanio  ashes  and  taSa  are  eometiinefl  deecribed  and 
olaosified  oooording  to  the  racks  that  predomiiiate  in  their 
oompositioa.  Thus  an  Ag^om&caio  main];  madie  up  of 
blo(^  of  Basalt  may  be  spoken  of  as  a  Basaltic  A^lo- 
memte ;  a  Tuff  composed  ot  lapilli  of  Traohytic  IbiTa  may 
be  called  a  Trachytio  TuS.  Sisae  of  the  rooks  of  this  class, 
however,  are  composed  of  euoh  a  diversity  of  materials,  that 
such  a  system  of  ngmenclature  could  not  be  applied  to 
them. 

Interhedded  with  those  old  CrTstalline  rocks,  which  we 
have  learned  to  look  upon  as  lavas,  are  numerous  deposits, 
many  of  the  oompcments  of  which  are  readi^  seen  to  be 
ftagmental  ejections  from  volcanoes.  In  some  oases  the 
ejected  matt«r  has  fallen  on  land,  and  rocks  have  resulted, 
resembling  in  every  respect  YolcBuio  Asglometates,  Breo- 
mas,  and  ashy  aooumulations  of  finer  grain.  In  other  oases 
the  deposit  has  been  of  subaqueous  origin.  Instances  will 
be  given  in  the  next  section. 

(3)  G-ABKon  Fbodttots. 

The  gas  given  off  most  largely  by  volcanoes  is  ateom ; 
tb^  evolve  beeioes  Corbonio  AcitC  Nitrogen,  Sulphuretted 
Hydrogen,  Sulphurous  Aoid,  and  Hydrochloric  Acid. 
These  have  probably  contributed  largely  to  that  alteration 
of  the  original  volcanic  products  which  will  come  to  be 
treated  of  under  the  head  of  Uetamorphism.  Various  sub- 
fltaacee,  which  are  solid  at  low  temperatures,  rise  in  a  state 
of  v^;>our  from  lava  streams ;  and  chemical  oombinationa 
and  reaotions  between  the  different  emanations  give  rise  to 
a  variety  of  products,  which  are  oondensed  on  tao  walls  of 
the  fisaiues  and  the  surface  of  the  flow.  Of  these  we  may 
notice,  as  geologioally  important,  Sulphur,  which  is  scnne- 
timee  fooi^  in  masses  of  great  purity ;  Specular  Iron  ore, 
too,  which  deserves  remark  beoaose  it  forms  the  colouring 
matter  of  red  derivative  rocks,  is  largely  sublimed  from 
voloanoes,  and  has  probably  in  many  oases  been  originally 
of  volcanic  origin.  There  are  uso  sulratanoea  which 
have  been  produced,  in  some  oases  at  least,  by  chemical 
reactions  between  evolved  gosee  and  the  oonstitnents  of 
the  rocks  with  which  they  come  in  contact.  The  most 
important  of  these  are  Sulphate  of  Lime,  or  Oypsum, 
and  Buhihate  of  Magnesia,   which,   as   we  have  seen, 

&  probably  played  an  important  pari)  in  the  forma- 
of  some  St^^ieoan  Limestones,    it  has  been  already 
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explained  that  m  many  cases  both  the  rocks  jost  named 
have  been  formed  by  precipitation  in  inland  bodiee  of 
water,  and  their  matenals  ware  probably,  in  the  fiirat 
infitance,  derived  from  volcanic  aources. 

We  must  not  omit  to  mention,  in  conclusion,  that  volcanic 
digtricta  abound  in  hot  springe  holding  in  eolutiou  Silica 
and  Carbonate  of  Lime.  These  have  been,  in  many  casee, 
the  source  of  those  chemically  formed  siliceous  and  cal- 
careous rocks  which  have  been  already  described  in 
Chapter  rv. 

As  an  instanoe  of  a  rock  whidi  has  probably  been 
formed  by  precipitation  from  a  volcanic  mineral  spring,  we 
may  notice  some  thin  beds  of  beautifully  banded  siliceous 
stone  interbedded  with  volcanic  ash  on  the  coast  near  North 
Berwick.  Their  great  purity,  and  the  estreroe  fineness  of 
their  lamination,  seem  to  point  to  a  chemical  origin ;  and 
as  they  occur  in  the  heart  of  a  great  body  of  yoloanio 
deposits,  we  may  reasonably  suppose  that  their  materials 
were  furnished  by  one  of  these  hot  siliceous  springs  which 
are  so  common  in  volcanic  districts.  In  the  same  neigh- 
bourhood the  "Burdie  House  Limestone"  has  all  the  look 
of  a  chemioal  precipitate,  and  was  prol^bly  formed  in 
1  pools  into  which  highly  charged  calcareous  spnngs  emptied 
themselves.  In  some  cases  we  can  see  that  volcanic  action 
must  have  been  going  on  during  the  growth  of  this  bed, 
for  its  upper  part  is  full  of  smaU  lapilli,  which  were 
eliovered  into  uie  water  during  its  formation. 

SECTION  nx— EEKSAMTB  OF  OLD  T0LCAN0E3. 

The  main  features  and  chief  products  of  the  volcaOio 
addon  of  the  present  day  have  been  now  described,  and  we 
have  seen  that  many  of  the  older  Crystalline  rocks  and  their 
accompanying  fragmental  accumulations  resemble  the  latter 
80  dosely  that  there  can  be  no  doubt  that  they  were  pro- 
duced by  similar  agencies  in  bygone  times.  We  will  now 
inquire  whether  an  examination  of  the  geological  reoord 
ifih  enable  us  to  point  out  the  site  of  former  volcanic  dis- 
charges, whether  any  ancient  volcanoes  are  still  recognis- 
able, and  generally  to  what  degree  of  detail  we  can  read 
the  history  of  volcanic  action  in  the  past. 

Ancient  Tolcuiio  ConM. — We  can  scarcely  expect  to 
find  cones  of  any  antiquity  often  preserved :  modem  vol- 
canic mountains  are  already  becoming  scarred  and  seameiit 
by  lohaeiial  denudation,  and  a  long  oontiiraanoe  of  Hub 
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addon  must  at  laet  irear  awa;  entirely  the  loose  materiala 
of  which  the  greater  part  of  a  volcano  oooBiste,  while  sub- 
mergence beneath  the  sea  would  sweep  it  away  altogether- 

Ab  a  matter  of  fact,  however,  the  number  of  volcanic 
hills  that  still  remain  in  a  fair  state  of  preservation,  to 
attest  the  former  presence  of  Tolcanic  activity  in  districts 
where  neither  history  nor  tradition  give  any  hint  of  its 
existence,  is  larger  than  would  at  first  sight  be  expected. 
In  Auve^;ne,  for  instance,  the  Eifel,  New  Zealand,  and 
elsewh^e,  we  have  not  only  sheets  of  solid  lava  and  beds 
of  fragmental  ejeotionB,  bat  there  are  still  standing  the 
conee  which  were  piled  up  round  the  vents  from  which 
these  issued,  worn  and  wimered  indeed  by  long  exposure, 
but  still  ret^uing  enough  of  their  characteristic  structure 
and  outline  to  make  it  evident  to  the  most  casual  observer 
that  they  owe  their  origin  to  the  same  processes  which  are 
piling  up  our  modem  volcanoes.  In  all  these  caaes,  howr 
ever,  the  dato  of  the  eruptiona,  though  historically  most 
distant,  falls  into  a  lato  period  of  geological  chronology. 
As  we  go  back  in  geological  time,  we  find  the  remains  of 
the  ea^y  destroyed  volcanic  cone  to  become  rarer  and  more 
and  more  fragmentary,  and  very  soon  to  vanish  altogether. 

Tltmnlm  of  Cantrftl  Plug  of  Xava. — But  even  where 
this  has  happened,  we  can  still  sometimes  fix  the  site  of  an    I 
old  volcanic  vent :  the  plug  of  lava,  which  hardens  in  the    I 
chimney  when  a  volcano  dies  out,  is  of  tougher  stuff  than    / 
the  cone  which  surrounds  it,  and  the  lower  portion  of  this 
central  code  often  remains  standing  up,  hke  a  massive 
column,  when  all  the  rest  (rf  the  vol(«iuc  hill  has   dis- 
appeared. 

Othar  Froofii  of  Old  Tolcanlo  Aotlon. — The  records 
that  remain  of  perionis  in  the  earth's  history  still  more  remote 
are  seldom  perfect  enough  to  enable  us  to  determine  the 
exact  spots  on  which  eruptions  have  burst  forth,  but  among 
them  we  find  distinct  proofs  of  volcanic  activity  in  the  pre-  j 
sence  of  rocks,  both  molten  and  fragmentary,  of  undoubt-  ' 
edly  igneous  origin.  Thus,  though  the  evidence,  as  we 
go  further  back,  becomes  lees  and  less  complete,  there  is 
always  enough  to  assure  us  that  during  no  epoch,  of  which 
anv  history  has  come  down  to  us,  was  oui  earth  without 
volcanoee. 

Exunpl*  of  Arthur's  S«at. — A  vei?  good  instance  of 
a  fairly  well  preserved  volcano,  of  stiU  older  date  than  those 
mentioned  a  little  way  back,  is  furnished  by  Arfliur's  Seat 
at  Edinburgh ;  and,  as  this  is  not  only  an  excellent  spea- 
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in«&  of  ito  kind,  but  famishes  an  adminble  inatanoe  of  the 
methods  employed  by  geologisto  to  decipher  the  reoords  of 
ancient  emptions  and  to  detarmine  the  mode  of  origin  of 
different  kinds  of  Toloanic  productfi,  we  will  deeoribe  it  at 
some  length. 

Vig.  39  is  a  section  of  this  hill,  and  Fig.  40  a  rude  dia- 
grammatic view  of  its  western  face.  Thebo^of  it  consists 
of  Shales,  Sandstones,  fine  Conglomerates,  and  impure 
Limestone  of  marine  origin,  (1)  in  the  figures.  Along  with 
these  are  beds  of  lava  and  voloanic  ash,  formed  contempo- 
raneously on  tlie  floor  of  the  same  sea  which  received  the 
sedimentaiT  materials  of  (1).  The  lowest  of  these  is  a 
sheet  (2)  of  Doleritie  rock ;  men  follow  Sandstones  formed 
partly  of  mechanioal  sediment  and  partly  of  ash,  which  was 
showered  into  the  water  at  the  same  time  as  sand  was 
brought  into  it  by  mnning  streams,  and  eome  oheity  lime- 
stone (^3) ;  above  these  oome  well-bedded  strata  of  ejected 
materials,  tho  components  of  which  were  shot  out  into  the 
water  and  then  arranged  in  stratified  layers,  forming  a  vol- 
canio  tuff  (4) ;  ths  scries  is  continued  by  fiows  of  Basaltic 
and  relspatldo  lavas  (5)  and  (6) ;  and  these  last  are  covered 
by  purely  sedimentaiy  Shales  and  Sandstones  (7). 

That  tiie  beds  of,  igneous  rock  in  this  part  of  the  section 
were  streams  that  flowed  over  the  bed  of  the  sea,  or  pos- 
sibly on  land  surface^  produced  by  its  temporary  devation, 
while  the  deposition  ca  the  sedimentary  beds  with  which 
they  are  associated  was  going  on,  and  were  not  in}ecl«d 
among  the  latter  subsequently  to  their  formation,  is  clear 
on  several  grounds.   They  conform  perfectly  to  the  bedding  I 
at  the  roi^  above  and  beneath  them,  and  nowhere  out  in  I 
the  slightest  degree  across  the  stratification.  Their  structure  ' 
tells  me  same  tale;  their  upper  surfaces  are  sooriaceous  > 
and  Teeloular,  showing  that  when  they  oooled  the  contained  I 
gases  were  free  to  bubble  up  and  escape :  this  would  not ' 
have  been  the  case  if  they  had  been  covered  at  that  time 
with  overlying  rocks  as  they  are  now,  and  they  must  have 
hardened  before  the  beds  above  them  were  deposited.    As 
we  descend  into  the  interior  and  lower  parts  of  each  flow, 
where  there  was   weight  enough  of  lava  overhead  to 
check  the  ebnllition,  the  oellular  structure  gradually  dis- 
appears, and  the  bed  becomes  close-grained  and  compact, 
and  more  decidedly  erystalline  as  we  approach  the  centre. 
In  the  view  the  outcrops  of  the  hard  lava  streams  are  seen 
to  form  steep  craggy  cliffs,  ranging  across  the  hill ;  while 
the  softer  sedimentary  beds  and  ashes  occupy  the  more 
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s«iitle  alopee  below  these  and  the  hoUowS  betwMn  them. 
The  reasouB  tor  this  will  be  given  in  Chapter  X. 

At  6ome  time  after  their  deposition,  the  beds  just  described 
were  traversed  bj  sheets  of  intrusive  Dolerite,  marked  a,  b,  c. 
The  structure  and  lie  of  theae  contrast  forcibly  with  those 
of  ttte  contemporaneous  flows.  Their  course  conforms,  to  a 
certain  degree,  with  the  direction  of  the  bedding,  and  in 
some  places  they  have  for  a  certain  space  been  actually 
thrust  in  between  the  heds,  so  that  a  hasty  examination  of 
a  detached  section  might  lead  to  the  idea  that  they  were 
interbedded  and  contemporaneous.  But  a  more  canful 
inspection  soon  dispels  this'  notion  ;  if  followed  for  a  short 
distance  they  are  found  every  now  and  then  to  eat  their 
way  up  or  down  into  the  strata  above  or  below  them. 
Their  intrusive  character  is  also  forcibly  brought  out  whrai 
the  structure  of  the  whole  hill  is  viewed  from  a  little  dis- 
tance. On  account  of  their  hardness  they  crop  out  in  steep 
craggy  cliffs,  which,  on  the  north  side,  form  Salisbury 
Crags  and  Heriot's  Mount ;  these,  as  we  trace  them  south- 
waras,  instead  of  keeping  the  same  distance  apart,  like  the 
interbedded  traps,  gradually  draw  together,  and  at  last 
unite  into  the  single  mass  of  Sampson's  Hibs.  This  union 
oould  be  brought  about  only  by  the  sheets  cutting  obliquely 

1  across  the  bedding.  That  these  rocks  are  intrusive  ia  also 
ehown  by  the  baking  of  the  beds  both  iiiov»  attd  btruath 
them :  the  heat  of  a  contemporaneaus  flow  may  alter  the 
rocks  underneath  it,  but  those  aiove  were  not  laid  down  till 
after  it  had  cooled,  and  they  cannot  therefore  be  affected  by 
it.  Laatly,  in  their  structure  there  is  a  marked  distinction 
between  these  and  the  contemporaneous  lavas ;  they  do 
not  possess  the  cellular  upper  portion  of  the  latter,  but  are 
compact  throughout,  the  cause  of  this  difference  evidently 
being  that  they  consolidated  under  pressure  sufficient  to 
prevent  the  expansion  and  escape  of  tbeir  elastic  va^ur. 

The  beds  described  so  far  were  tilted  from  the  horizontal 
position  in  whitJi  they  were  laid  down,  and  denuded,*  and 
a  bill  produced  whose  outline  must-  have  been  something 
like  that  shown  in  Fig.  4 1 ,  and  here  ends  the  history  of  the 
older  portion  of  Arthur's  Seat. 
There  are,  honever,  other  rocks,  shown  in  Fig.  39  by  a 

■  Owing  to  tills  denud&lion  «e  however,    that    thii  lay    where 

have  led  only  fr^;nienU  of  the  E^licburgh  Caatle   now    itandi, 

old  Ian  flows,  and  ctuinot  traoe  and  (h  it  the  castle  rock  ii  a  plug 

them  up  to  the  vent  from  which  of  lata  which  fill*  np  the  lower 

tb«j  isaued.     It  ia  likely  enough,  part  of  ihe  oriAoe.  - 
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darker  tint,  vMch  overUe  those  already  described ;  theee 

are  volcanic,  aad  oonsist  of  a.  mass  of  very  coarse  rolcania 

Agglomerate  (-^),  a  central  pipe  of  Basalt  ». 

rising  through  the  Agglomerate  {B),  and  a 

hummock  oi  Basalt  ( &)  known  ae  the  Lion's 

Haunch.     These  are  the  products  of  a  later 

eruption.     After  the  course  of  events  which  * 

eve  rise  to  the  lower  part  of  the  hill  had 
an  completed,  a  perioa  of  repose  followed,  ^ 

and  then,  at  a  subsequeut  epoch,  volcanic 
action  broke  out  afresh.  An  orifice  was  torn 
through  the  heart  of  the  hill,  and  from  it  , 

Uocke  of  the  rocks  through  which  a  way 
had  been  burst  were  showered  out,    and  <>  ^ 

piled  in  a  huddled  manner  round  the  vent.  '  "  j 

The  Agglomerate  is  what  remains  of  this  '" 

accumulation.    From  the  angular  nature  of  '^ 

its  enormous  blocks,  the  pell-mell  way  in  a 

which  they  lie,  and  the  absence  of  any  trace  ■ 

of  bedding,  it  is  clear  that  it  was  heaped  up 
in  the  open  air,  and  the  contrast  between  it  -  = 

and  the  subaqueous  tuff  (4)  in  these  respects  S 

ia  most  marked  and  instructive.     The  Ba-  3 

salt(£)iB lava, whichboiledupinthechim-  "  '^ 

ney  of  the  volcano ;  it  can  be  seen  most  dis-  <! 

tinctly  running  down  through  the  Agglome-  ^ 

mte  in  the  form  of  a   rudely  c^hndrical  "  _ 

column.     At  some  time,  when  there  was  not  ^ 

pressure  enough  to  drive  the  lava  over  the  .*    | 

up  of  the  crater,  a  tunnel  was  torn  open  in  ; 

the  flank  of  the  hill,  and  through  it  a  flow  u 

of  lava  took  place,  a  portion  of  which  now  £ 

formstlieBasalt(C^of  the  Lion's  Haunch.    ^ 

We  have  thus  stdl  preserved  part  of  the 
cone  of  ejected  materials  and  the  central 
plug  of  this  old  volcano,  but  the  portion  re-  ' 

maining  is  probably  only  a  small  fragment 
of  the  original  hill.  Much  of  the  loose 
A^lomerate  has  been  carried  away  by  de- 
nudation, and  the  part  that  is  left  has  escaped 
mainly  because  the  heat  and  heated  vapours 
of  the  vent  have  baked  and  hardened  it,  and 
enabled  it  to  hold  out  against  atmospheric 
wear  and  tear  better  than  the  outer  portions  which  under- 
went no  alteration. 
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In  Fig.  40  ihe  conical  central  mound  is  fonneil  of  the 
A^lomemte  A,  and  at  the  etunmit  the  Baealt  plug  £  is 
ee«ii  to  rise  out  of  the  middle  of  it.  The  varioua  members 
of  the  older  group  of  rocks  disappear  beneath  the  newer 
formations,  and  come  out  again  in  a  corresponding  aeries 
on  the  south.  On  the  ground  the  abrupt  truncation  of  the 
bed  (2),  where  it  has  Men  torn  through  by  the  later  erup- 
tion, can  be  most  distinctly  made  out.* 

Anoiaiit  Tolcanoes  of  Vorth  Wales. — As  an  instance 
of  volcanic  products  of  still  older  date  we  may  take  the 
lava-flows,  ashes,  and  intrusive  rocks  which  make  Dp  so 
lar^  a  portion  of  the  mountains  of  North  Wales.  We 
have  evidence  of  active  volcanoes  at  two  distinct  epochs 
during  the  formation  of  the  old  rocks,  known  as  Silurian, 
of  that  district. 

The  earliest  volcanic  products  consist  of  lava  flows  and 
beds  of  ash  interbedded  with  the  sedimentary  strata  of  the 
Areniga,  the  Arans,  and  Cader  Idris.  These  intercatatiohs 
show  m  their  upper  part  volcanic  ashes  and  Conglomerate, 
then  a  great  mass  of  bedded  lava  streams,  and  beneath  this 
a  thick  body  of  ash  and  volcanic  Conglomerate  :  the  whole 
reaches  a  maximum  thickness  of  between  five  thousand 
and  six  thousand  feet. 

The  volcanic  products  of  a  somewhat  later  date  have 
given  rise  to  the  rocks  which  now  form  the  summit  of 
Snowdoa.     They  consist  of  the  following  members  : — 

Columnar  Felstone 200 

Ash;  Beds 1,200 

Slagg;  and  Brecciated  Porphyritio  Felstones  1,700 

All  these  rocks  furnish  most  undoubted  proofs  of  a  volcanic 
origin,  and  of  their  being  of  the  same  age  as  the  sedi- 
mentary beds  with  which  mey  ore  associatea. 

The  Felstones  are  sometimes  porphyritic,  sometimes 
scoriaceous  looking,  and  sometimes  show  a  decidedly  slaggy 
structure,  the  lines  of  viscous  flow  being  as  apparent  as  in 

■  The  eiplanntion  of  the  atruc-  Bach  an  anlhorit)'  ia  entitled  tn 

ture  and  hialoty  of  Arthur'!  Seat  the  most  te»)ioct(iil  attention,  but 

given  in  the  text  it  subalantially  I   cannot  aay  tliat  to  my  mind 

that  put  fonrard  by   Slaclmen,  Mr.  Judd  has  succeeded  iu  ihOT- 

and  Hdnpted  with  some  modifies-  ing  that  the  oldsr  interpretation 

tiona  by  Prof.   A.   Oeikie.     Its  is  untenable,  or  even  leas  probable 

coirectQcea    has    recently   been  than  his  own.    Mr.  Judd's paper, 

called  in  queitjon  by  Mr.  Judd  however,    should    ceitainly    he 

(Uuart   Joum.  GeoL  Soc.  xxxi  consulted  by  the  studeob 
131).      Anything    coming    from 
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the  oooled  slagB  of  an  iron  furnace.  They  are  also  often 
most  markedly  ooluninar.  They  conform  precisely  in  their 
bedding  to  the  sedimentary  locka  above  and  below  them  ; 
and  when  they  produce  any  alteration  in  the  aasooiated 
strata,  it  is  the  beds  underneath  alone  that  are  baked  and 
hardened.  Interbedded  with  the  thick  maaaes  of  Fektone 
are  bands  of  sedimentary  strata,  showing  that  the  former 
are  not  the  reaulta  of  a  single  flow,  but  that  they  were  built 
up  by  a  ancceeeion  of  streeinB  poured  out  over  the  sea  bed, 
and  that  sediment  waa  laid  down  in  the  same  water  in  the 
intervals  between  their  emission. 

The  ashy  strata,  like  the  lavas,  were  accumulated  beneath 
water,  ^ey  contain  a  sufficient  proportion  of  slaggy  and 
BcoriaoeouB  fragments,  aad  occasionuly  volcanic  bombs,  to 
leave  no  doubt  on  the  mind  that  they  are  formed  in  large 
measure  of  volcanic  ejections ;  but  these  have  in  many 
eases  been  largely  mixed  up  with  sandy,  clayey,  or 
calcareous  sediment,  and  in  some  cases  they  may  have 
been  formed  of  ashes  dropped  on  land  and  afterwards 
carried  into  the  sea  by  runnmg  water.  Their  submarine 
origin  is  further  proved  by  interstratifiod  beds  of  purely 
ae&nfflitaTT  origin,  and  by  the  occurrence  in  them  of 
marine  sheUs. 

In  the  case  of  each  of  the  ^roupe  of  igneous  rocks  just 
mentioned  we  find  them  thiakest  round  a  certain  centre, 
and.  as  far  as  the  remnants  left  of  them  will  enable  us  to 
judge,  thinning  away  in  every  direction  from  that  centre 
till  at  last  they  disappear  altogether.  We  thus  get  a  due 
to  the  quarters  in  which  the  vents  lay  from  which  the 
eruptions  took  place,  but  all  traces  of  the  piles  of  materials 
that  must  hare  once'  surrotmded  these  vents  have  been 
swept  away  by  denudation.  There  are,  however,  ^reat 
intrusive  masses  of  dioritic  rock,  which,  from  their  distri- 
bution, seem  to  be  connected  in  some  way  with  both  the 
groups  of  interbedded  Felstones  and  ashes,  and  these, 
perhaps,  are  the  hardened  contents  of  the  reservoirs  of 
molten  matter  from  which  the  volcanoes  were  fed.*  It  is 
worthy  of  note,  however,  that  while  all  the  undoubtedly 
contemporaneous  volcanic  rocks,  both  molten  and  frag- 
mental,  are  felspathic,  these  deep-seated  intrusive  masses 
are  markedly  homblendic;  and  it  seems  strange  that,  if 
the  volcanic  fod  poesessed  so  abundant  a  supply  of  hom- 

■  For  detaib  iMpecting  the  W»lat,Heiiininof  theOeo]o((ical 
I^eona  RiiclcBof  N.  Wales,  see  "—--•"  <--'  -'  "t_,._ 
Prof.   Buiuay'i   Geology  of  N. 


■  RiKilcB  of  N.  WalM,  see      Surrey  of  EngUnd  mi  Walea, 
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bleudic  lava,  no  sheets  of  an  liomblendic  composition  should 
ever  have  flowed  from  the  craters.  The  explanation  may 
be  that,  in  accordance  with  IKirocher's  ideas,  the  heaviei 
homblendic  matter  sank  to  the  bottom  of  the  reserroir, 
while  the  lighter  f  elspathic  lavas,  floating  above,  came  to  be 
poured  out  in  currents. 

Bid  space  permit,  these  inBtanoea  of  beds  of  volcanic 
orifi;iii  among  Uke  rocks  of  tbo  earth's  crust  might  be  largely 
added  to ;  the  examples  given  will,  however,  suffice  as 
illufltiations,  and  the  reader  may  refer  for  an  exhaustive 
eketch  of  the  volcanic  productions  of  different  ages  in 
Britain  to  Professor  GeiHe's  Address  to  the  Geological 
Section  of  the  British  Association  at  the  Dundee  Ueeting 
of  1867.  He  should  also  make  an  attentive  study  of  Mr. 
Judd's  masterly  restoiation  of  the  old  volcanic  area  of  the 
Western  Isles  of  Scotland  (Quarterly  iroumal  of  the  Gi«ol. 
Soc.,  zxx.  220),  and  of  Hr.  Ward's  careful  description  of 
the  volcanic  rocks  of  the  I^e  district  (Ibid.,  xxxi.  388). 


SECTION  IV.— PETEOLOGT  OF  VOLCANIC  EOCKS. 

The  comparison  wliich  has  been  now  made  between  the 
phenomena  and  products  of  modem  volcanoes  and  certain 
members  of  the  CWstalline  class  of  rocks  will,  it  is  hoped, 
have  oondueively  demonstrated  that  the  lattra  must  have 
owed  their  origin  to  a  volcanic  source.  Our  next  task  will 
be  to  look  at  these  rocks  on  a  large  scale  in  the  field,  to 
study  the  different  shapes  aad  forms  under  which  they 
present  themselves  in  mass,  to  examine  their  relations  to 
the  beds  by  which  they  are  surrounded,  and  to  inquire  how 
far  such  observations  will  guide  us  to  a  knowledge  of  the 
circumetances  under  which  they  were  formed. 

I)i<tiiiotiii&  into  IntnuivA  and  ContsraporaaAOiu. 
— The  molt«n  products  of  igneous  action  are  in  the  first 
instance  forced  up  through  apertures  torn  through  the 
surface  of  the  ground,  and  forcibly  injected  into  cracks  and 
1-ents  which  afford  a  passage  for  their  escape,  and  they  must 
alHo  exist  in  large  masses  in  cavities  below  the  surface. 
\\'hea  the  contents  either  of  an  aperture,  a  crack,  or  a 
cavity  oool  and  harden,  bodies  of  crystalline  rock  will  be 
formed ;  these  wUl  evidently  assume  different  external 
shapes  in  the  three  cases  mentioned,  but  they  will  all  agree 
in  one  point — they  will  all  give  proof  of  having  burst 
through  the  rocks  which  surround  them  j  hence  they  are 
all  classed  together  as  Intnuivt. 
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The  oolomiis  of  cooled  lava  which  fill  ap  tm  old  volcanic 
chimney  ore  known  as  Sieh :  the  hardened  contents  of 
cracks  fonn  Dyket  or  Vtitu,  the  term  Dyke  *  being  restricted 
to  those  fisauies  which  are  approximatal;  reduinear  and 
vertical,  while  the  more  irregnlar  tortuoua  or  branching; 
rents  ^ve  rise  to  Veins.  The  solidification  of  the  molten 
masBee  of  cavitleB  produccB  lar^  amorphous  Maiiet. 

It  is  dear  that  any  mass  of  intrusive  igneous  rock  mnst 
be  of  later  date  than  the  rocks  it  traverses,  hence  mtnisiTe 
i^eouB  rocks  are  also  spoken  of  as  8iii§«g«mt. 

But  the  molten  matters  poured  out  from  volcanoes  also 
present  themselves  to  us  under  another  form.  Oreat  dieets 
of  lava  flow  from  the  vent  and  spread  themselves  over  the 
surrounding  district  These  stream  over  the  pre-existing 
rooks  instead  of  bursting  through  them,  and  they  therefore 
stand  somewhat  in  the  same  ration  to  the  rocks  beneath 
them  as  an  overlying  stratum  of  sedimentary  material, 
and  are  in  this  respect  dearly  marked  off  from  rocks  of 
an  intrusive  character.  Lava  sheets  poured  out  on  dry 
laud  may  be  lowered  beneath  bodies  of  water  and  sedi- 
mentaiy  rocks  laid  down  above  them ;  or  it  may  happen 
that,  after  a  mass  of  derivativfl  rocks  has  accumulated 
beneath  water,  a  eubaqneous  stream  of  lava  may  flow  over 
them,  and  be  in  turn  itself  covered  by  further  depositions  of 
sediment.  In  these  ways  ^ere  will  arise  formations  consist- 
ing of  alternations  of  beds  of  molten  and  sedimentary  origin, 
the  rooks  of  both  dasses  being  truly  interstratified  and  per- 
fectly conformable  in  their  bedding  to  one  another.  An  in- 
stance of  a  formation  of  this  sort  is  furnished  by  the  older 
rocks  of  Arthur's  Seat,  shown  in  the  section  on  Fig.  89. 
Igneous  rocks  formed  under  these  droumstanoes  are  called 
Inttriedded,  or,  because  they  were  formed  at  the  same  time 
as  the  sedimentary  beds  among  which  they  are  found,  Co»- 
temporanmm:     Now,  in  studying  any  n  '  ' 

we  may  come  across  in  our  investigalJons,  t 
be  made  out  is,  to  which  of  these  two  d 
Is  it  Introslve  or  Oontemporaneous  ? 

In  many  oases  there  is  not  room  for  a  moment's  hesita- 
tion on  this  point :  a  cylindrioal  pipe  drilled  through  bedded 

*  "Dyke"    meuit    ia   north  moTed  by  deandstion  thftn  Uie 

Mnntty  iBD^oogs  a  wall.    The  former,  and  b  rib   of  the  more 

ooiiteoti   of   ignMQ*    dykn  are  dnialile  rock  ii  left  etuidiiig  up, 

vtiully   harder   thun   the  rocks  rnmhg  l*fc«  m  wall  iifmsi  the 

tbej  tisreraei  henoe  Ute  Utter  oonnt^. 
u«  mote  eMilr  and  largely  n- 


'hich  they  are  found,  Co»-  .. 
my  mass  of  igneous  rock  // 
gations,  the  first  thing  to  M 
wo  classes  does  it  belong,  i  / 
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Bodimentai7  -strata,  or  a  rent  torn  across  them  at  lig^t 
angles  to  tiie  bedding,  and  filled  up  with  hardened  lava, 
furnish  concluBiTe  proof  duit  the  latter  is  iatruBiva  And 
at  first  sight  it  miffht  eeeis  equally  safe  to  pronounoe  that  a 
lava  sheet,  lying  Setween  two  masses  of  sedimeutair  strata 
with  its  upper  {uod  under  surf  acos  pfirallel  to  the  bedding  of 
the  rocks  abore  and  beneath  it,  was  undoubteillf  contem- 
poraneous, fiat  such  a  condusion  would  not  necessarily 
hold  good,  because  there  are  cases  when  lavas  have  been 
forcibly  intruded  ittwtm  thepUam  ofht4di»g  of  pre-existinif 
sedimentary  rocks,  and.  where  tliey  have  otHifined  themselves 
so  etrigtly  and  for  Buch  long  distances  to  the  apace  between 
two  consecutive  beds,  that  a  delusive  appearauce  of  true  inter- 
boddiag  is  produced.  In  the  case,  therefore,  of  a  lava  iheei 
much  care  is  often  needed  before  we  can  decide  whether  it 
is  intrusive  or  contemporaneous  ;  some  of  the  tests  which 
decide  the  question  have  already  been  hinted  at  in  the 
description  ot  Arthur's  Seat,  and  the  subject  will  be  more 
fully  treated  of  further  on. 

Alteration  of  Vsigkboaring  Socki,^ — One  fact  which 
will  aid  us  in  clearing  up  such  doubtful  cases,  and  which 
we  shall  also  have  occasion  to  refer  to  in  connection  with 
other  branches  of  our  subject,  is  the  alteration  wrought  by 
r  the  intense  heat  of  lavas  m  the  rocks  they  come  in  contact 
with.  Soft  Clays  are  baked  into  hard,  fiinty,  porcelain-like 
rook  ;  Saudstonee  are  hardened  and  rendered  crystalline ; 
Limestcnee  are  turned  into  marUe ;  Goal  is  converted  into 
cinder  or  soot.  Owing  to  the  low  conducting  power  of 
rocks,  such  changes  s^dom  extend  to  any  great  distance 
from  the  ma^jin  of  an  igneous  mass ;  ond  sometimes  the 
rocks  immediately  in  contact  with  the  once  molten  matter 
are  perfectly  unaltered.  The  absence  of  alteration  is  easily 
explained,  if  we  recollect  that  the  chilling  effect  of  the  sur* 
rounding  rock  would  rapidly  cool  the  layer  of  fused  matter 
immediately  in  oontoct  with  it,  and  a  crust  would  thus  be 
formed  which  would  separate  the  still  liquid  central  portion 
from  the  rocks  on  either  side  and  prevent  the  passage  of 
heat  from  one  to  the  other. 

Included  FrapaentB.— Intrusive  rocks  too  &equently 
tear  off  and  cany  along  with  them  fragraeuts  of  the  rocks 
through  which  they  have  forced  their  way  ;  such  detached 

Srtions  vary  in  size  from  mere  stones  up  to  large  masses, 
ley  are  usually  baked  and  hardened.  Fig.  42  shows  a  case 
of  this  sort  seen  on  the  castle  rock  at  Dunbar.  A  mass  of 
GTeenBtone(l)haebuistthroughSand8toneBand  Shales  (2) ; 
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thefonser  are  altered  aloa^  the  line  of  junctioQ  intoahard 
<!iystallmeQuartzite(3),  and  m  the  veir  middle  of  the  green- 
atone  is  a  wedge-shaped  mass  of  similar  Quartidte  (4),  evi- 
dently a  lat^  fragment  of  the  Sandstone,  through  which 
the  intrusiTe  rock  waa  ejected,  caught  up  by  the  liquid  lava, 
haked  by  its  heat,  and  retained  in  its  midst  when  it  cooled. 


It  Bometiiuea  happens  that  subaerial  lavjt  etreanu,  too, 
ccmtain  included  blocks.  If  they  flow  over  ground  covered 
with  loose  fragments,  some  (rf  these  may  be  caught  up  and 
embedded  in  tnem,  or  blocks  of  rock  may  have  been  tux>wn 
out  of  a  volcanic  vent,  fallen  on  the  surface  of  a  lava  while 
it  was  yet  soft,  and  sunk  down  into  the  body  of  the  rock. 

Trtufpaastal  btwbodded  Bocka.— The  fra^uental 
products  of  votoanic  action  give  rise  to  rocks  wMch  are 
neoeseaiily  for  the  moat  part  of  an  interbedded  character ; 
deposits,  namely,  of  stones,  cinders,  and  lapilli  shot  into 
waterand  arranged  in  layers  alternating  with  bedsof  purely 
sedimentary  origin,  or  to  strata  formed  of  a  mistore  of 
volcanic  ash  and  sediment. 

Neoka  d  Agglom»rm,i9. — Sut  it  sometimes  happens 
that  the  ehimiiey  of  a  volcanic  vent  has  been  filial  in, 
not  with  hardened  lava,  but  with  a  confused  mass  of 
volcanic  ejections,  which  have  fallen  back  into  it  after 
they  were  hurled  into  the  air.  We  thus  get  JV«i«  of 
VdeMiie  Agglomeraie,  where  the  latter  stands  to  the  sur- 
rounding rocks  in  the  same  relation  as  a  plug  of  intrusive 
molten  rock.  Such  masses,  though  they  can  hardly  perhaps 
be  called  intrusive  in  the  proper  sense  of  the  word,  ore 
dearly  distinguishable  from  the  truly  interbedded  deposits 
of  volcanic  ejections. 

InstauMR  of  th«  Modes  of  Ooonxmio*  of  Volosnio 
Boeks. — We  will  now  consider  a  little  more  in  detail  the 
different  forms  under  which  we  have  seen  that  large  bodies 
of  vtdcanic  rook  present  themselves.  These  may  be  daasified 
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under  the  following  heads:    Haeaes,  Dykes  and  Yeins, 
Necks,  and  Sheets. 

Matu*. — One  form  under  which  Crystalline  rocks  occur 
is  that  of  lai^  masses,  eometimes  many  square  miles  in 
extent ;  Ihey  are  occasionally  approximately  circular  or 
elliptical  in  shape,  but  frequently  their  outline  is  most 

Pig.  43,  which  shows  a  ground  plan  of  a  boss  of 
thie  kind  in  the    north'weet  of  Iremid,    and  a  section 


:vD  SicnoH  or  IxncnrB  Gbwibtohi  Mass, 
Co.  DoHmu.,  Ia>i.Ai|D. 


l>  1  IdAm  to  ■  mil*. 


tiighly  probable  that  masses  such  as  n 
now  considering  are  in  many  cases  the  hardened  contents  of 
reserroirs  of  lava,  which  existed  originally  deep  down  in 
the  bowels  of  a  volcanic  area,  and  which  have  been  brought 
to  light  by  the  denudation  of  the  rocks  which  covered  tkem. 
But  very  many  of  the  huf^eet  Ciyetallinfl  masses  may  be 
pronounced  almost  with  certainty  to  be  the  result  of  the 
alteration  by  heat  and  other  agents  of  rocks  <mginally 
sedimentaiy,  because  they  are  found  to  pass  by  insensible 
steps  into  rocks  of  that  class.  As  one  instance  we  may 
mention  large  masses  of  quaitzose  porphyritic  trap  in  the 
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ori^bouritood  of  Llanberu,  on  the  borden  of  vhich  such 
a  passage  ia  found  to  occur.* 

DyicM  and  Vfint. — It  hss  been  alrea^  inenti<med  that 
modem  Toloanio  cones  are  frequently  torn  across  by  rente 
apjproxitnately  vertical,  which  are  afterwards  filled  in  with 
lava ;  ribs  of  igaeoua  rock,  exactly  similar  in  character,  are 
constantly  met  with  cutting  across  the  older  rocks  of  the 
earth's  crxist.  SometimeB  QieBe  can  actually  be  seen  to  be 
offshoots  from  a  large  igneous  mass :  this  is  the  case  in 
Pijf.  43,  where  many  dykes  are  seen  running  out  from  the 
main  body  of  the  trap  into  the  siurounding  oountiy.  Uore 
freqiieaUy,  however,  the  oonnectiou  of  these  older  dykes 
with  the  parent  m^aas  can  no  longer  be  traced ;  they  have 
been  either  severed  from  it  by  denudation,  or  they  descend 
deeper  into  the  earth  than  we  can  follow  them  before  they 
ream  it. 

Pykes  are  foimd  of  all  dimensions,  both  in  length  and 
breadth ;  they  vaiy  in  thickness  from  lees  than  a  foot  ap- 


warde ;  and  while  in  some  cases  the  portions  of  them  that 
appear  at  tlie  surface  do  not  extend  longitudinally  for 
more  than  a  few  yards,  in  others  they  con  be  traced  oon- 
tinuously  for  miles. 

The  section  <m  Fig.  43  shows  dykes  with  remarkably  true 
and  even  walls;  Fig.  44  is  a  sketch  of  a  group  of  dykes  (^ 
more  irregular  in  outline,  cutting  through  Shales,  Stmd- 
etones,  ana  impure  Limestones,  and  sen^Qng  tongues  out 
into  them. 

Neck*. — ^A  good  instance  of  a  plug  of  hardened  lava 
filling  up  an  AA  volcanic  vent  has  been  already  given  in 
the  section  of  Arthur's  Seat  in  Fig.  39.  In  this  case  the 
neck  is  still  surrounded  bv  part  of  the  cone  which  it 
traversed ;  more  frequently,  nowever,  the  softer  and  friable 
surrounding  of  fragmentai  matter  hJas  been  carried  away 
by  denudation,  and  the  central  column  of  hard  lava,  or  the 

*  TheOealogTofNaTth'Walaa,  of  Enslaad  snd  Walet,  voL  liL 
Menoira  of  ilia  0«ologic»l  Snrraf     chap.  §0. 
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lover  portion  of  it,  alone  remains  to  &x  the  position  of  thA 
orifice.  These  remnants  of  the  plugs  tliat  once  filled  Tolcanio 
vents  are  very  conunon  among  the  old  volcanic  rocks  of  the 
central  valley  of  Scotland.  Some  good  instances  may  be 
aeoa  on  the  Berwickshire  coast,  where  isolated  bosses  of 
poiyhyritic  Felstone  stand  up  in  low  hills  above  the  softer 
rocks  of  the  surrounding  country.*  When  these  are 
examined  Uiey  are  found  to  be  rudely  ig'lindrieal  columna 
which  descend  vertically  through  the  surrounding  strata. 
There  are  also  in  the  same  district  lofty  conical-shaped 
hills — Trapain  Law  and  North  Berwick  Law  for  instance 
— composed  of  a  similar  rock.  We  cannot  prore  by  actual 
inspection  in  these  latter  cases  that  the  eminences  are  the 
summits  of  great  cylinders  that  pierce  through  the  beds 
around  them ;  but  such  a  supposition  is  highly  probable ; 
and  we  may  very  fairly  look  upon  these  prominent  peaks  as 
probably  portions  of  the  column  of  lava  that  rose  through  a 
volcanic  orifice,  their  size  being  due  partly  to  the  fact  that 
the  volcano  was  a  big  one,  and  partly  to  their  having 
formed  a  portion  of  the  colunm  where  the  orifice  was 
roomy.  These  necks  usually  project  above  the  surrounding 
rocks  for  the  same  reason  that  dykes  stand  up  in  wa^, 
because  they  are  the  harder  of  the  two. 

But  we  luive  already  mentioned  that  a  volcanic  vent  is 
sometimes  filled  in,  not  with  hardened  lava,  but  with  a 
mass  of  Volcanic  Agglomerate.  A  capital  instance  in 
Ayrahire,  described  by  Professor  A.  Oeikie,t  is  illustrated 
by  Fig.  45. 

The  section  runs  across  a  basin  consisting  of  the  follow* 
ing  rocks.  At  the  bottom  are  Shales  and  Sandstones  (ii) ; 
upon  these  reat  some  beds  (i)  which  consist  of  irr^ular 
alternations  of  volcanic  ash  and  brick-red  Sand^ne. 
Then  come  sheets  of  lava  (e),  consisting  of  lAbradorite  and 
specular  Iron  ore,  with  sometimes  a  little  Augite.  These 
are  covered  by  beds  (d)  similar  in  composition  to  (i). 
Above  all  there  is  a  group  of  brick-red  Sandstone  (c),  con- 
taining in  its  lower  part  occasional  nests  of  volcanic  lapilli 
and  single  stones. 

From  this  section  we  learn  that  the  district  was  free 
from  volcanic  activity  during  the  deposition  of  the  beds  (a). 
The  next  beds  (i)  show  the  oonunencement  of  eruptions; 

• : 

(Mg,t 


)  by  Google 


TOLCASIC  NECKS.  251 

they  were  formed  partly  out  of  sandy  aedi-  , 
meut,  and  partly  by  showere  of  Toleanic  dust 

and  lapilli,  which  fell  into  the  water  where  * 
the  silt  accumulated.  Then  came  the  emiseion 
of  the  Iftvas-fi!).     These  present  all  the.  pecu- 

liaritieB  which  we  have  described  as  character-  ■  ^ 

istic    of  contemporaneous    flowe ;    they    are  .4 

divided  into  beds  with  sla^y  or  cindery  upper  ^ 

and    under  surfaces,  and   sometimes  parted  <3 

from  one  another  by  layers  of  brick-red  Sand-  -i 

stone,     Bunnine  across  these  lavas  in  a  diree-  "ri 

tion  perpendicular  to  the  stratification  there  s  & 

are  what  look  like  veins  of  horizontally  bed-  ^ 

ded  red  Sandstone,  which  sometimes  radiat«  ':^ 

from  a  centre  forming  star-shaped  figures.  "* 

These  were  doubtless  produced  in  the  follow-  ,,  <i 

iag  manner.      As    the    lava    oooled    cracks  3 

opened  in  its  surface,  and  sand  was  washed  3 

into  the  cracks  and  filled  them  up  before  they  -^ 

were  covered  by  the  next  flow.     The  absence  g 

of  lava  sheets  in  the  beds  (1^)  shows  that  •  ^ 

volcanic  activity  was  on  the  decrease  during  | 

their  formation,  and  its  final  cessation  is  indi-  n 

cated  by  the  gradual  disappearance  of  vol-  5 

cauic  products  as  we  pass  from  the  lower  to  -a 


the  upper  part  of  the  group  («). 

In  the  country  occupied  by  the  beds  (o) 
there  are  a  number  of  small  rounded  hills 


or  hillocks,  two  of  which  i 
and  (ff).  These  consist  of  a  veir  coarse  red 
volcanic  Agglomerate,  unstratified  and  tumul- 
tuous in  appearance,  made  up  of  fragments  of 
lava  similar  to  («),  of  all  sizes  up  to  masses  a 
yard  or  more  in  lencrth,  angular,  subangular, 
and  rounded,  imbedded  in  a  gritty,  felspathic, 
ferruginous  paste.     These  hillo<^s  rise  con-  1 

spicuously  s,t>ove  the  neighbouring  ground, 
and  might  at  first  sight  be  taken  for  the  rem- 
nants of  a  deposit  which  once  extended  over 
the  beds  (a),  the  greater  part  of  which  has 
been  removed  by  denudation ;  but  such  is  not 
the  case.  Though  surrounded  by  the  Shales  . 
and  Sandstones,  they  do  not  lie  on  the  latter ;  , 
on  the  contrary,  they  descend  vertically  through 
them,  like  so  many  huge  pipee.     fa  short  they  are  t 
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Tolcanic  necks,  eadi  representing  a  former  focus  of  erujiHon. 
In  one  case  the  aides  of  a  neck  were  found  coated  with  a 
lining  of  rougli  slaggy  lava,  which  had  clung  to  them  during 
the  discharge  of  a  stream  of  molten  matter. 

The  close  neighbourhood  of  these  vents  to  the  Tolconic 
rocks  of  the  section,  and  the  aimitarity  between  the  blocks 
they  contain  and  the  lavas  (e),  makes  it  almost  certain  that 
it  was  from  these  orifices  that  the  volcanic  products  of  the 
adjoining  rocks  were  discharged. 

For  o£er  instances  of  necks  of  volcanic  Agglomerate  see 
the  Q«ology  of  East  Lothian  (Memoirs  of  the  Geological 
Survey  of  Bootlaud),  p.  44. 

ShetU. — The  only  remaiiung  form  under  which  igneous 
rocks  occur,  is  that  of  sheets,  and  these  are,  as  has  been 
already  mentioned,  of  two  hinds,  intrusive  and  contem- 
poraneous. 

Intrusive  sheets,  like  dykes,  are  merely  hardened  masses 
of  lava,  which  were  forcibly  injected  in  a  m.olt«i  state  into 
rents  traversing  pre-existing  rocks ;  but  while  we  restrict 
■  the  t«nn  dyke  to  those  casee  where  the  fissure  is  vertical 
or  cuts  across  the  bedding  at  lai^  angles,  we  use  the  word 
sheet  where  the  deft  is  inclined  at  small  angles  to  the 
bedding,  or  where  the  actual  space  between  two  beds  has 
furnished  a  channel  for  the  molten  matter.  The  difference 
in  appearance  between  the  two  forms  is  quite  enough  to 
justify  us  in  nsiug  the  two  names ;  and  it  is  besidee  desir- 
able to  keep  up  the  distinction,  because,  whereas  no  one 
could  suppose  a  dyke  to  be  anything  but  intrusive,  those 
sheets  which  have  been  thrust  in  along  the  planes  of  bedding 
are  liable  to  be  mistaken  for  contemporaneous  flows. 

A  contemporaneous  sheet  is  formed  by  the  flow  of  a  lava 
stream  over  the  bottom  of  a  body  of  water  on  which  aedi- 
mentary  deposits  have  previously  been  laid  down,  and  by 
the  subaequent  formation  on  the  top  of  the  stream,  after  it 
has  cooled  and  hardened,  of  other  accumulations  of  sediment. 

Where  an  intrusive  ^eet  cuts  across  bedding  planes,  its 
true  character  is  at  once  recognised  ;  but  where  a  sheet 
occupies  the  space  between  two  beds,  it  requires  some  care 
to  determine  to  which  class  it  belongs.  The  tests  to  be 
applied  in  such  a  case  have  been  some  of  them  already 
mentioned  and  may  be  summarised  as  follows  : — 

1st.  Altorationof  the  adjoining  rocks.  A  contemporaneous 
sheet  can  produce  alteration  only  in  the  beds  below  tt,  because 
those  above  were  not  laid  down  till  aft«r  it  had  cooled.  An 
intrusive  sheet  can  alter  tiiB  bed*  above  at  toell  at  thoie  Ithte 
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it.  We  most  recollect,  howerer,  in  applying  this  test,  that 
the  abaeuce  of  alteratioa  proree  nothms',  becauee  igneous 
rocks  Bometimes  prodace  no  change  in  m.e  beds  they  come 
in  oontact  with.  If  the  beds  above  as  well  as  tboae  below 
an  igneous  sheet  are  altered,  we  are  sure  it  is  intrusiTe ; 
il  those  below  only  are  aSeoted,  it  yields  a  preBumption 
that  it  is  ooutemporaneouB,  but  oilier  tests  must  be  applied 
before  wo  can  be  certain  it  belongs  to  this  class. 

2nd.  Texture.  The  rocks  whicli  now  overlie  a  contem.- 
poraneona  sheet  were  not  there  when  it  was  ponred  out, 
and  there  was  no  preeeure  on  it  from  above  at  the  time  it 
cooled.  It«  upper  surface  will  therefore  be  liable  to  have  a 
ropy  or  scoriaceous  texture,  or  to  be  fijl  of  bnbblee  and 
cavities  produced  by  the  escape  of  the  contained  gasses. 
The  vesides  are  often  elongated  in  the  dire<ttioa  of  the  flow, 
having  been  dragged  out  by  the  motion  of  &e  stream. 
Its  base,  too,  like  mat  of  a  recent  lava  stream,  will  often 
bo  cindety.     It  will  be  only  in  the  centre  that  there  was 

gresBure  enough  to  give  rise  to  a  closely  grained  texture, 
ut  an  intrusive  sheet  was  weighed  down  from  above 
by  the  overlying  rock  at  the  time  of  its  injection,  and  the 
compreesion  thus  produced  prevented  any  part  of  it  from 
assuming  a  loose  and  open  texture  ;  the  upper  and  under 
surfaces  may,  on  account  of  their  more  rapid  cooling,  be 
fine-grained,  while  the  slower  hardening  of  the  interior 
may  nave  allowed  of  the  formation  of  more  lai^ly  ciystal- 
line  products  ;  but  though  for  these  reasons  different  parts 
of  it  may  differ  in  grain,  the  whole  of  it  will  be  dense  and 
compact,  it  will  rarely  show  scoriaceous  portions,  and  if  it 
be  at  all  vesicular,  the  cavities  will  be  neither 


lations  to  the  bedding  of  rocks  above  and  below. 
A  contemporaneous  sheet  cannot  evidently  cut  across  or  eat 
its  way  into  the  beds  above  it,  because  they  were  not  there 
when  it  was  poured  out.  It  is  possible  that,  in  its  passage 
over  the  underlying  strata,  it  might  disarrange  and  perhaps 
work  down  into  them,  but  this  oould  take  place  only  t»  a 
vei;  small  extent.  We  may  say  of  such  sheets  that  their 
upper  and  under  surfaces  are  mftyvhert  parallel  to  the 
bedding  of  the  rocks  above  and  beneath  them.  This 
will  not  be  found  to  be  the  case  with  intrusive  sheets; 
they  have  sometimes  pursued  their  path  with  wonderful 
constancy  along  planes  of  bedding,  so  much  so  that  the 
examination  of  a  Umited  exposure  might  lead  to  the  belief 
that  they  were  interbedded ;  but  if  followed  out  th^  will 
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invariably  be  found  sooner  or  later  to  cut  up  or  cut  down 
into  tlie  rocka  above  or  beneath,  or  to  send  out  tongues  or 
BpurtB  into  them,  and  somewhere  to  break  across  tlie  strati- 
fication in  a  way  that  at  once  reveals  tueir  true  character. 

4th.  The  presence  of  included  blocks  ma;  sometimes 
decide  whether  a  sheet  is  intrusive  or  contemporaneous ; 
if  these  have  come  &om  the  overlying  rocks,  the  sheet 
must  belong  to  the  former  class. 

The  third  test  is  perhaps  the  one  of  most  universal 
application.  Texture  alone  cannot  be  relied  upon,  and 
alteration  of  the  adjoining  rocks  may  be  wanting ;  but  an 
intrusive  sheet  will  seldom  fail  to  show  its  real  nature 
Bomewhere  or  other  by  pursuing  a  course  tranegressive  to 
the  bedding  of  the  rocks  among  which  it  occurs. 

In  the  account  of  Arthur's  tjeat  a  few  pages  back,  the 
application  of  these  tests  to 
a  particular  instance  was 
-    — -  ->- ^_..-*i   pointed  out,  and  Fig.  4C  is 
v\m      „  ~2  __iiI5^V^3^^    a  section  on  the  coast  west 
^^T.-'i^  ""^J"  ■'^Vj,*-<^S    of  Dunbar  which  furthir 
i?*^*5t->**'7,a;';!r— ^^   illustrates  the  subject.  Let 
■  "I'^i^^S^?    "s    confine  our    attention 
,  :  '""--'l^    first  to  the  left-hand  half 
jH^Vj^^l^fl    of  the  figure.  We  see  there 
f^^^^^tS    *  sheet  of  Dolerito  shown 
"  by  the  dark  colour,  appa- 

rently interbedded  with  a 
iir«-    r  I     ...ITS  (froup    of    Shales,     whose 

bedding  is  shown  by  thti 
fine  parallel  linee.  The  upper  and  under  surfaces  of  this 
sheet  are  so  far  parallel  to  the  bedding  of  the  Shales, 
that  it  is  not  apparent  at  first  sight  to  which  cl^e  it  be- 
longn.  Let  ua  apply  the  tpsta  just  given  to  determine 
its  true  character.  In  the  first  place  the  beds  both  abort 
and  heltfu!  are  markedly  altered;  the  Shale,  which  a  few 
feet  pff  the  Crystalline  rock  is  so  soft  and  clayey  that  it 
yields  readily  ki  the  impress  of  the  finger,  ie  baked  into 
a  hard,  flinty,  felsitic  rock,  which  will  scratch  glass,  and 
has  here  and  there  a  slijihtly  crystalline  texture.  Hand 
specimens  of  this  altered  Shale  could  not  be  distinguished 
from  a  compact  Febtone.  Next,  in  spite  of  its  rough  con- 
formity to  the  bedding,  we  find,  when  the  junctions  ara 
doeely  scanned,  that  uie  rock  has  thrust  out  bosses  and 
strings,  giving  it  rough  and  irregidar  boundaries  very  dif- 
ferent from  the  even  planes  of  bedding  of  the  Shale.     The 
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floor  of  the  etream,  too,  giree  imuustobable  proof  of  rongb 
usage;  the  beds  of  8ha1e  have  been  puckered  and  cnunpled, 
and  the  uppermoet  of  them  broken  up  into  small  bita,  which 
are  tilted  on  end  against  one  another,  so  that  the  line  of 
jonctioa  hae  a  jagged,  saw-like  edge. 

By  all  theee  signs,  then,  we  are  mire  that  th^  eheet  is 
intruBive,  and  our  conclusion  is  confirmed  when  we  trace  it 
towards  the  right,  for  we  then  find  it  springing  out  from  a 
dyke,  which  cute  vertically  across  the  beddmg.  This  dyke 
has  caused  great  alteration  of  the  rocks  on  either  side ; 
they  are  baked  into  a  Felsite,  such  as  lies  above  and  below 
the  sheet,  and  their  bedding  becomes  gradually  effaced  as 
they  approach  the  Dolerite,  and  replaced  by  a  rude  jointed 
or  platy  structure  with  divisional  planes  parallel  to  the 
waUs  of  the  dyke. 

The  above  is  a  happy  case,  where  we  find  all  the  testa 
which  distmpiMh  au  intrusive  from  an  interbedded  stream 
exhibited.  The  observer  must  not  expect  to  be  always  equally 
lucky,  some  one  or  more  of  the  marlu  of  distinctioii  are  often 
absent ;  the  igneous  rock,  for  instance,  may  not  have  given 
rise  to  any  alteration  of  the  beds  it  traverses,  and  we  may 
thus  miss  one  of  the  easiest  ways  of  determining  its  nature. 
He  must  then  fall  back  on  anotiier  test ;  and  there  are  very 
few  cases  indeed,  in  which,  when  all  the  cireumstances  have 
been  taken  into  account,  any  uncertainty  will  remain. 

Subdivisioiui  of  Iguaoiu  Books  iato  Volouilo  Mid 
Xrkppoui, — It  was  mentioned  in  the  beginning  of  this 
chapter  that  many  of  the  Crystalline  rocks  resembled  eo 
closely  in  every  respect  the  subaerial  molten  products  of 
modem  volcanoes,  that  there  could  not  be  a  snadow  of  a 
doubt  that  they  are  ancient  lavas  ;  and  that  others,  which 
bear  evident  marks  of  having  been  produced  by  the  action 
of  heat,  still  differ  in  some  essential  respect  from  the  lavas 
of  the  present  day.   The  first  class  are  usoally  distinguished  > 
as  Volcanic,  and  the  second  as  Trappean.    Under  Uxe  first  J 
head  come  the  slaggy,  dndery,  ana  amysdaloidal  Crystal-  j 
line  rocks ;  while  the  second  includes  Dionte,  many  compact  ] 
Felstones,  Granite,  Syenite,  and  other  allied  rocks. 

We  will  here  point  out  the  main  points  of  difiference 
between  the  two  classes,  and  see  how  lar  certain  general- 
izations, which  some  authors  have  attempted  to  base  on 
these  diSerences,  appear  to  be  sound.  The  subject  cannot 
be  fullj^  gone  into  till  we  have  given  a  more  complete 
description  of  the  Trappean  rocks ;  but  it  may  be  as  well  to 
mention  here  the  broad  results  we  shall  finally  arrive  at. 
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IlBt.  The  Yoloanio  FOcks  are,  88  a  rule,  anhydrous,  or 
free  frton  water,  and  have  the  cellular,  aooriaoeous,  eleiggy, 
or  ropy  texture,  which  ie  exhibited  b;  lava  Btreams  that 
have  cooled  and  hardened  in  the  open  air ;  the  Trappean 
rocks  are  usually  hydrated,  and  compact  in  texture. 

This  distinction  is  a  valid  oue,  and  its  meaoiiiB'  is  evident 
enough.  The  rooks  of  the  first  class  are  aubaenal,  and  the 
absence  of  pressure  allowed  of  the  escape  of  the  steam, 
which  all  lavas  contain  at  the  time  of  the  ejectioa,  and  of 
the  formation  of  those  structures  which  melted  matter  is 
apt  to  assume  when  it  cools  under  an  absence  of  restraint. 
Tne  pocke  of  the  second  class  were  consolidated  under  pres- 
sure, beneath  either  a  mass  of  overlying  measures  or  the 
water  of  the  sea ;  and  thus  their  water  was  prevented  trora 
escaping,  and  they  were  not  free  to  boU  up  or  drag  them- 
selves out  into  aponpy  or  slangy  shapes.  That  Ute  two 
kinds  of  rocks  had  a  common  origin,  and  differ  only  because 
they  were  formed  under  different  circumstances,  is  proved 
by  the  existence  of  numerous  intermediate  forms,  which 
show  a  passage  by  almost  insensible  gradations  from  the 
extreme  of  one  class  to  the  extreme  of  the  other. 

2nd.  It  is  also  stated  that  there  are  certain  mineralo- 
gical  distinctions  between  the  two  classes.  The  minerals 
of  the  Yolcanio  group  are  usually  glassy,  those  of  the 
Trappean  duU  and  opaque.  Thus  among  Acidic  Crystalline 
rocks,  Sanidine  or  glassy  Orthoclase  is  supposed  to  be  con- 
fined to  the  Yolcamc,  common  Orthoclase  to  the  Trappean 
class.  In  the  Sasic  class,  both  Hornblende  and  Augite, 
but  principally  the  former,  occur  in  Trappean  rocks,  but 
only  the  latter  in  Volcanic  rocks.  Also  Trappean  rocks  are 
said  to  he  richer  in  BiHca  than  Volcanic. 

There  are  certainly  ezcepttons  to  these  generalizations  ;* 
but,  allowing  them  to  be  true  in  a  general  way,  it  seems 
difficult  to  attach  much  value  to  them.  From  a  merely 
mineralogical  point  of  view  they  may  have  some  interest ; 
but,  when  we  reflect  on  the  vei^  minut«  charactor  of  the 
distincdone,  and  further  consider  that  the  one  class  of  rocks 
are,  as  we  shall  immediately  mention,  in  many  cases  older 
th^  the  other,  it  is  difficult  to  resist  the  suspicion  that  such 
differences  may  be  no  more  than  the  result  of  time.     The 

For  instuicst  the  Trachytes  chap,  xiv.) ;   a  very  sndent  lava 

lardijaia  of  p««t-EoMnfl  ag«^  on  Cader  Idria,  with  cryitali  of 

■  "  ■'do  (O*-  KlM»y    Felapar    (Baauaj,   Ov>- 

Voysge  1(^7  of  NoiUi  WkIw,  p.  2S). 


netsl  de  Is   Hannoia,       ,  ^ 
en  Swdsigne,  3me.  pt.  tome  1. 
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Bup^ed  greater  riclmeBB  in  Silioa  of  Trappean  rocks  mav, 
for  instance,  be  readil;  explfuned  by  supposing  tliat  aub- 
stanoe  to  have  been  deposited  by  water  percolating  through  ' 
them  during  the  h>nfl'  lapse  of  time  that  has 'passed  since 
their  formatiou ;  or  by  lie  removal,  by  peroolating  water, 
of  their  more  soluble  constltQenta,  and  the  retentiqu  of  the 
lees  readily  dissolTed  Silica.* 

3rd.  We  come  to  a  far  more  important  generalization, 
which  some  geologists  attempt  to  maintain  in  oonnectioa 
with  the  present  subject 

It  is  a8eert«d  that  the  older  i^eous  rocks  are  Trappean 
in  character,  while  those  belonging  to  the  more  recent  geo- 
logical periods  and  those  of  modem  date  are  Volcanic ;  and 
an  attempt  has  been  made  to  lay  down  rules,  based  on  this 
statement,  by  which  the  age  of  an  igneous  rook  may  be 
determined  by  its  mineral  character  auine. 

The  above  assertion  is  correct  in  many  cases — in  so  many, 
indeed,  that  there  is  no  wonder  that  it  was  assumed  to  be 
universally  true;  at  the  same  time  there  are  exceptions 
enough  to  it  compbtely  to  upset  the  generalization  attemjri^ 
to  be  drawn  &om.  it.  In  the  first  place,  that  Trappean  or 
deep-seated  rocks  should  be  more  numerous  among  the 
older  deposits,  and  that  Volcanic  or  subaerial  rocks  should 
prevaO  among  those  of  younger  date,  is  only  what  is  to  be 
expected;  for  subaerial  products  of  any  antiqui^  oould 
only  by  a  lucky  chance  escape  the  destruotive  action  of 
denudation,  and  must  therefore  be  rarer  than  those  deep- 
seated  products  which  have  been  better  protected  from  its 
action ;  while  in  the  case  of  the  newer  formations  denuda- 
tion has  not  yet  had  time  to  carry  away  the  lavas,  ashes, 
(ones,  and  other  external  products  of  volcanic  action,  and, 
by  the  removal  of  these  and  the  masses  of  rock  underlying 
them,  to  lay  bare  the  formations  that  have  hardened  far 
down  in  the  bowels  of  a  volcanic  area.  In  short,  the 
generalization  amounts  to  no  more  than  this :  the  older 
Igneous  rocks  aie  mainly  deep-seated,  because  denudation 
has  largely  carried  away  the  subaerial  igneous  formations 
of  distant  epochs ;  newer  igneous  rocks  are  mainly  sub- 
aerial, because  denudation  has  not  yet  worked  its  way 
down  to  the  deep-seated  formations  of  recent  periotls. 

We  must  also  bear  in  mind  that  the  changes  which,  time 
is  always  producing  must  necessarily  cause  a  difiarenca 
between  a  rock  of  comparatively  recent  and  one  of  vet; 

t  Steny  Himt,Qa*Tt.  Jonrn.  Oeol.  Soc  of  London,  xv.  493. 
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remote  date;  and  this  ma;  be  tiie  explanation  of  the 
mineralogicBl  differences  b^reen  Tolcanio  and  Trappean 
rocks  mentioned  under  the  second  head. 

It  will  be*  sufficient  to  notioe  only  one  or  two  of  the 
numerous  exceptions  to  this  third  ^eneralizatimt.  In  the 
Lake  country  ot  England  there  is  a  group  of  rocks  known 
as  the  "Green  Slates  and  Porphyries,"  which  were  pro- 
bably in  part  of  subaerial  volcanic  agency.  Many  of  these 
— allowing  maybe  for  a  Kttle,  but  a  very  little,  degree  of 
hardening — cannot  be  distinguished  from  modem  cellular 
lavas,  ana,  tried  by  the  tests  mentioned  above,  would  cer- 
tainly be  placed  in  the  Volcanic  class,  but  they  dat«  far 
back  in  the  geolosioal  record.  Again,  among  the  sheets 
of  igneous  rixi  which  occur  in  the  Scotch  Carboniferous 
beds,  a  formation  of  great  antiquity,  it  is  the  commonest 
thing  to  find  some  with  a  cindery  base  and  slaggy  top, 
exactly  such  as  characterize  modem  lava  streams.  Such 
instances  might  be  multiplied,  if  it  were  necessary,  without 
limit.  The  reason  why  subaerial  rocks,  in  cases  like  these, 
have  survived  through  such  long  periods  is,  that  shortly 
after  their  emission  they  were  covered  up  by  sedimentary 
beds,  end  so  preeMred  from  the  destructive  effects  of 
denudation. 

The  distinctions,  then,  between  the  two  classes,  as  far 
as  they  are  well  founded  and  of  any  real  value,  are  due 
mainly  to  the  different  drcnmstances  under  which  the  rocks 
belonging  to  each  were  formed,  partly,  perhaps,  to  changes 
they  have  undergone  since  the  date  of  their  formation. 
They  are,  therefore,  accidental  and  of  comparatively  little 
moment;  but  if  we  turn  t«  the  grounds  of  resemblance 
betwerai  the  two  olaseea,  these  are  seen  to  be  far  more 
nnmerons  and  important,  and  to  point  forcibly  to  a  Lummon 
origin  for  the  rocks  of  both. 

The  term  Flutonio*  is  used  by  many  authors  in  the  sense 
which  has  been  here  assigned  to  Trappean;  others  are 
inclined  to  group  together  Oranite  and  its  aUiea  in  a  class 
by  themselves,  to  which  they  give  the  name  Plutonic.  We 
shall  see,  however,  by-and-by  that  there  is  no  hard  line 
between  Granitic  rocks  and  those  ususlly  designated  as 
Trappean,  any  more  than  between  the  latter  and  volcanic 
products. 

All  three  tenns  may  be  usefully  employed,  if  we  only 
bear  in  mind  the  only  seose  in  which  they  can  properly  be 

*  From  Fluto,  the  god  of  t^  rocks  have  BoIidiflBd  deep  down 
unilBrgrouDd  reatiD,  braauW)  these      beneath  the  anrboe. 
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used.  Tbej  denote  umpl;  the  oondltionB  imder  vluch  an 
igneous  km^  has  been  formed.  If  we  oould  follow  a  sheet 
of  tudh  rook  continaonAly  from  the  extern^  lava  flow 
throngb  the  volcano  down  into  the  reservoir  from  whence 
it  issued,  we  should  doubtless  find  at  different  points 
instances  of  the  three  typea  passing  gradually  into  one 
another.  The  subaeriol  discharge,  with  aU  its  character- 
istic accompanimeats,  would  gradually  lose  these  and  put 
on  a  Trappean  form  as  we  penetrated  into  the  bowels  of 
the  Tolcano ;  and  still  deeper  down  the  Trappean  tjpe 
might  become  so  much  more  markedly  pronounced,  mat 
the  rock'  might  deserve  to  be  distingiusned  aa  Flutonic 
But  there  would  be  no  hard  lines  betireen  the  three  sub- 
divisions, and  hence  in  nature  we  often  meet  with  rocks 
that  puzzle  ns  to  say  to  which  we  ought  to  refer  them. 
This  subject  will  be  more  fully  handled  in  Chapter  YIII. 

A  speculation  has  also  been  put  forth  that  the  older 
igneous  rocks  are  mainly  Acidic  and  the  newer  mainly 
Basic  in  composition.*  There  is  much  to  be  said  from 
a  broad  point  of  view  in  favour  of  this  idea,  but  at 
the  same  time  there  are  many  facts  directly  in  the  teeth  of 
it.f  It  is  mentioned  here  mainly  because  geologists  of 
high  reputo  have  been  found  to  countonance  it. 

Some  authors  hold  a  similar  opinion,  but  under  a 
modified  form.  Thus  Cotta  says,  "  We  are  almost  justified 
in  holding  it  for  a  universal  law  that  whenever  igneous 
rocks  rich  in  Silica  occur  together  with  Basic  igneous  rocks 
of  the  same  period  of  eruption,  the  latter  are  of  somewhat 
later  origin  than  the  former.''^  This  notion  has  an  d 
priori  probability  in  its  favour,  for  it  is  likely  that  the 
lighter  Acidic  products  would  be  discharged  before  the 
heavier  Basic,  and  cases  may  doubtless  be  found  where  the 
rule  is  true ;  but  there  are  also  exceptions  enough  to  it  to 
prevent  our  accepting  it  as  a  universal  law.  (See  Scropo'a 
"Volcanoes,"  pp.  125  and  347.) 

Other  attempts  have  been  mode  by  chemists  and  petro- 
graphers  to  discover  a  conneotiou  between,  the  mineral 
chuBcter  of  an  igneous  rock  and  the  date  of  it«  fonnatioD, 
but  they  have  alTbroken  down  when  subjected  to  the  test 
of  geological  examination  in  the  field. 

*  Doroober'i  Eony  on  Coin-  118  ;  Allport  b  Oeologieal  Haga- 

parative  Petrology.    There  ii  a  Eine,  vol.  i.  p.  196. 

tnnalation  in  Prof.  Hanghton'i  X  I^ook*    claMiSed    and    de- 

Manaal  of  Qflolc^.  Krilrad   (Engluh  touuUtion),  |k 

t  S«e  Borope's  Voloanoe^  p.  167. 
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CHAPTER  Vn. 

MBTAXOMFBIC  &OCEB. 

"  Wm  the  world  not  made  at  once  than  f "  wid  Fdii. 
"  Eftidly,"  ongwered  Jamo ;  "  good  bread  needa  baking." 

WlLEBLM  UsI«TBk'b  TuTBLI. 


General  Description. — The  rooke  ire  have  hitherto 
ooneidered,  both  of  the  igneous  and  derivatiTe  class,  have 
come  down  to  ub  pretty  much  in  the  eame  state  in  which  they  ' 
were  originally  tormed.  Time  indeed  haa  not  passed  over 
their  heads  without  leaving  its  mark  upon  them  in  various 
ways  1  they  have  been  hardened,  new  minerals  have  been 
introduced  into  them,  and  they  have  undei^ne  other 
changes  of  a  similar  nature.  But  in  all  the  cases  that  have 
so  far  oome  under  our  notioe  the  utmost  amount  of  altara- 
tiou  that  has  been  effected  does  not  amount  to  much ;  the 
characters  we  rely  upon  as  indications  of  origin  may  have 
been  disguised  to  a  small  extent,  but  no  rock  we  have  yet 
met  with  has  been  so  thoroughly  transformed  that  we  are 
no  longer  able  to  say  without  hesitation  how  it  was  produced 
and  what  was  ite  original  nature. 

The  minor  modincations,  however,  we  have  already 
become  acquainted  with,  will  suggest  to  us  the  poseibihty 
of  there  being  rocks  which  have  been  altered  to  a  much 
greater  degree ;  and  observation  shows  us  many  rocks 
whose  peciUiar  character  can  be  explained  only  on  such  a 
BuppoBition.     To  these  we  shall  devot«  the  present  chapter. 

The  proceas  by  which  changes  are  wrought  in  a  rock  after 
its  formation  is  called  Metamorphigm,  and  rocks  altered  by 
its  action  ore  distinguished  as  Metami/rphic  Rocki.  Strictly 
speaking,  it  would  be  hardly  possible  to  find  a  rock  whidi 
is  not  metamorphic  to  some  degree,  but  the  term  is  usuid^ 
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lestrioted  to  thoM  rockB  which  have  Buffered  traoBformatioiis 
of  so  radical  a  nature,  that  it  ie  only  by  long  and  attentivs 
study  that  we  beoome  oonvinced  they  are  merely  the  altered 
forms  of  some  of  Utoee  rocks  we  have  beoome  already 
aoqoumted  with,  and  only  by  calling  im  the  aid  of  tbe 
chemiet  and  minerak^ist  that  we  oaa  form  any  reasonable 
oonjeotures  as  to  the  processes  by  which  the  alteration  has 


It  will  be  aa  well,  before  we  come  to  a  formal  description 
of  the  rocks  nBually  dassed  aa  metamorphio,  or  indulge  in 
any  speculation  as  to  the  oauses  to  which  metamorpbism  is 
due,  to  lay  before  the  student  a  deectiption  of  one  or  two 
districts  in  which  rocks  of  this  dasa  occur.  In  this  wsy  he 
will  at  the  outset  become  an^uainted  with  the  nature  of 
the  evidence  on  which  geologists  base  their  belief  in  the 
inetamai^)hio  character  of  the  rocks  in  question,  and  will 
see  that  it  is  on  broad  geological  grounds  that  they  are  led 
irresistibly  to  Hiis  oonclusion.  It  will  appear  that,  when 
rocks  of  this  dass  are  studied  in  a  large  way  in  the  field, 
they  are  found  to  poesess  on  a  great  scale  many  of  the 
distinguishing  eharacters  of  denvative  deposits.  Tbey 
consist  of  alternations  of  rocks  of  different  character  and 
oompofiitioQ,  just  aa  in  sedimentary  beds  we  meet  with 
alternations  of  Shale,  Sandstone,  and  Limeetone.  The 
several  members  are  laid  in  regularly  bedded  order  one 
upon  another,  and  range  over  the  country  according  to  the 
direction  and  amount  of  their  dip.  Among  tbem  we 
occasionally  find  beds  still  retaining  their  fossils,  conform- 
ably placed  with  regard  to  the  strata  above  and  below 
them,  and  evidently  formino;  part  of  the  same  series.* 
Scmie  of  the  minor  peouliarittee  of  derivative  deposits  are, 
moreover,  still  to  be  detected  in  rocks  of  this  clase.  Thus 
Mr.  Sorby  has  reoc^nised  in  Mica-schist  exactiy  the  same 
ripple-dnft  structure  which  we  have  already  seen  is  so 
common  in  Sandstone.f  Lastly,  we  occasionally  meet  with 
transitiona  of  the  most  gradual  character  between  these 
rocks  and  stratified  foesiliferous  deposits,  the  two  melting 
imperceptibly  into  one  anotlter.  From  extensive  observa- 
tions of  this  nature,  we  arrive  at  the  oondueion  that  the 
rocks  now  under  consideration  were  originally  sedimentary 
deposits,  and  that  they  have  been  subaequsntiy  altered  so 


*  3CarchiMHLfiiliitu,pp.  IBS —  vol.  iv.;    Laomlunt'a  JalubBoli, 

1S9  i  Boiua  and  tha  Oiinl  Moon-  1840,  p.  8S3. 

laini,  402,  4SB,  466 ;    Broobant,  f  Qoait.  Joim.  OeoL  Soc  of 

AsnslM    das  nines,    lit  Mriaa,  Lnulon,  voL  ziz.  p.  401. 
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u  to  aoquin  a  oryBtalliite  texture  and  certain  Btructurol 
peculiaritieB, 

When  we  tave  thus  seized  on  a  dear  view  <rf  the  general 
nature  and  probable  origin  of  the  metamorphio  rocks,  we 
shall  have  to  notioe  sundiy  labmatoiy  experiments  which 
point  to  the  same  result  as  our  field  obserrations,  and  giro 
us  an  insight  into  the  way  in  which  the  traneformation  has 
been  brought  about. 

Hstemozpliis  Booka  of  Cairta^. — The  first  case  that 
I  shall  briuK  forward  has  been  already  employed  by  Sir 
(Tharlee  Lyell,  but  it  is  so  much  to  tiie  point  that  I  do 
not  hesitate  to  reproduce  it  here.* 

On  tbe  borders  of  the  Qulf  of  Spezzia,  on  the  eastern  shore 
.  of  the  Qulf  of  Gtenoa,  there  ocours  a  well-marked  threefold 

GDUp  of  rocks-  The  uppermost  member  is  a  foeeilifeTOus 
mestone  with  nodules  of  Flint;  below  this  are  Shales ;  and 
at  the  base  argillaceous  and  siliceous  Sandstmies.  These 
beds  are  intruded  on  at  various  points  by  eruptiTe  CiyBtalliae 
rocks,  in  the  neighbourhood  oi  whidi  they  become  altered 
and  the  Limestone  converted  into  white  Marble.  But  besides 
these  local  modifioations,  they  are  found,  when  they  are 
followed  inland  to  the  heights  of  the  Apennines,  to  have 
uudei^ne  a  more  wide-spread  metamorphism,  and  to  be 
at  last  replaced  by  a  group  in  which  a  threefold  sub- 
division can  still  be  traced,  but  the  members  of  which  are 
of  a  totally  different  character  to  the  rocks  of  the  ooaet 
section.  At  the  top  is  the  statuary  Uarble  of  Carrara ; 
beneath  this  are  rotka  known  as  Tolc-achiat,  Uica-schist 
with  Garnets,  and  Jaspery  Forcellanite ;  and  the  lowest 
member  ooosista  of  Quartzite  and  Gneiss,  into  which  an 
underlying  mass  of  Granite  sends  reins.  The  Carrara 
Marble  is  a  rock  of  a  finely  cryetaUine  texture  like  that  of 
loaf  sugar,  with  little  or  no  trace  of  bedding,  and  without 
fossils,  and  contains  prisms  of  crystalliaea  Quartz ;  the 
Schists  and  Gneiss  are  highly  crystalline,  and  possess  the 
structure  known  as  foliation,  that  b,  their  crystals  are  not 

i'umbled  together  without  order,  but  are  arranged  mcM«  or 
ess  in  layers,  each  consisting  in  large  measure  of  only  a 
single  mineral,  or  they  are  split  up  into  thin  plates,  the 
faces  of  which  are  coated  by  one  of  their  constituents,  such 
as  Talc  or  Mica.    The  Quartzite  and  Forcellanite  aro  rocka 

■  See   Bone,    Bulletin   de  la  hard'a   JahrbDcb,   IBM,  p.  102, 

Sociil^Qtelogn'qaedeFraaoe,  iiL  1834,    p.    663;    and    Kanten's 

p.  53,  for  a  nunmaiy  of  ol>eerTa-  Archiv.,  vol.  vi.  p.  120. 
tion  on  this  district;  alio  Leon* 
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such  as  we  have  already  seen  ^     ^ 

are  produced  by  the  baking 

of  SaDdgtouee    and  Sbalee 

aloDg  the  margia  of  igneous 

dykes.  Now,  differing  widely 

aa  the  two  ends  of  the  eec-    j 

tion  do,  they  yet  both  agree  | 

in  havinf  a  calcareous  mem-   g 

ber  at  tne  top,  an  argilla-   < 

ceouB  member  m  the  middle, 

and  a  siliceous  member  at 

the  base ;  and  further,  when 

the  intervening  country  is 

examined,  it  is  found  that  a 

passage  may  be  traced  by 

almost  ioBensible  gradations 

from  each  of  the  derivative 

members  at  one  end  into  the 

highly    crystalline    corree-     S 

pondmg' member  at  the  other 

end.     The  limestone  passes     S 

step  by  step  into  Marble, 

losing   in   the    change    its 

fossils  and  its  bedding,  and 

having  its  siHceoue  nodulea 

converted    into    cijetallised 

Quartz;  the  Shales  graduate 

into  Schists  ajid  Porcellanite; 

the  Sandstones  slowly  put  on 

the  forms  of  Quartzite  and 

Gneisa, 

Here,    then,  is  an  admi- 
rable instance  of  the  gradual 
passage  of  rocka  of  a  deriva- 
tive type  into  beds  possess- 
ing tiie  most  intensely  ojs-     , 
tdline  structure.    If  we  were 
suddenly    transported    from 
the   coast  to  the  moimtain 
sides,  we  should  never  sus- 
pect any  connection  between     * 
the    rocks  of  the   one  and 
those  of  the  other,  so  totally  '|, 
different  are  the  two  from  ^ 
one  anotlier ;  but,  by  going  % 
orer  the  ground  between,  we  %' 
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are  enabled  to  detect  bo  gradual  a  blendinff  of  tlie  membeni 
of  one  group  into  co^reBponding  membora  m  the  other,  that 
ve  become  convinced  that  the  oedB  at  one  end  of  the  eeo- 
tion  can  be  nothing  else  but  the  transformed  equivaleats  of 
tboBe  at  the  othei  end. 

The  maiu  facte  jost  described  have  been  thrown  into  the 
form  of  a  di^iram  in  Fig.  47.  It  must  not  be  euppoeed 
that  this  is  intended  for  a  geological  section  of  the  ooiintir ; 
it  ie  only  ma  attempt  to  bring  before  the  oya  in  a  pictorial 
form  what  baa  just  been  described  in  words. 

Mttamorphio  Sooki  of  Conutjr  Donegal. — The  next 
inBtance  that  I  shall  lay  before  the  reader  is  taken  from  a 
part  of  the  lai^  tract  of  !&(etamorphic  rocks  in  the  north- 
west of  Ireland,  and  b  illustrated  by  the  section  in  Fig.  48.* 

On  the  left  we  have  sandy  Limestones  ^1),  and  white 
Sandstones  (2),  with  intrusive  masses  of  Dionte  (Q-).  These 
beds  appear  to  have  undei^ne  some,  but  not  a  very  large, 
degree  of  metamorphism.  Borne  of  the  Limestones  are 
closely  grained  end  senu-cryBtalUne,  and  among  the  8and- 
etones  we  meet  with  beds  of  Quartzit«  here  and  there,  but 
the  main  body  of  the  rock  shows  feeble  signs  of  alteration. 
Next  comes  a  thick  mass  at  Quart^te  (3),  forming  the  noble 
hill  known  as  Grrigal  Uountain ;  this  is  an  intensely  bard, 
very  closely  grain^  rock,  cn'stalline  in  parts,  well  jointed, 
and  splintery,  very  regular^  and  unmistakeably  tiedded. 
That  it  is  a  sedimentary  Sandstone  cannot  be  doubted,  but 
the  amount  of  alteration  necessary  to  turn  any  Sandstone 
into  a  Quartzite  of  this  nature  must  have  been  considerably 
greater  than  that  which  the  underlying  beds  (1)  and  (2) 
have  suffered.  Upon  the  Quartzite  there  lies  a  group  of 
beds  (4)  consisting  mainly  of  Mica-schist,  with  interbedded 
layers  of  Limestone,  Gneiss,  and  a  rock  that  cannot  be 
distinguished  from  Granite.  The  progressive  increase  of 
alteration,  which  occurs  in  passing  from  (1)  and  (2)  to  (3), 
becomes  still  more  strongly  marked  here ;  the  Mica-schiet 
and  Oneiss  are  foliated,  the  Limestones  are  all  highly 
crystalline,  in  some  cases  converted  into  statnaiy  Karble, 
and  some  of  them  contain  plates  of  Alioa,  and  some  of 
the  Qrenitio  beds  are  coarsely  grained  crystalline  aggrO' 

CB.   But  in  spite  of  the  advanced  stage  of  metamorphism 
ugh  which  they  have  passed,  these  rocks  still  retain  a 
moBt  characteristic  and  strongly  marked  bsdding.     In  this 

■  On  the  Oninitaa  of  DoDsgal,  H.  Boott;  Jonnul  Boy&l  G«ol. 
Ac,  Biitdifa  Anoe.  (1863);  On  Hoc.  of  Irdand,  i.  144;  Oeol, 
the  Oranite  Bock*  of  Wiegal,  R.      Hag.,  ii.  216,  til  U». 
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ngped  they  oannot  be  distm- 
euished  from  a  group  of  inter' 
bedded  Shales,  S&ndatvnes,  and 
LimeBtones ;  and  it  is  only  when 
we  break  into  them,  and  become 
aware  of  their  intensely  Dryetallino 
texture,  that  we  realiBe  the  amount 
of  alteration  they  must  have  gone 
through  to  reduce  them  from  the 
condition  of  ordinary  derivatiTe 
sediment  to  their  present  state.  As 
we  go  towards  the  right  across  the 
noup  last  mentioned,  a  gradual 
change  becomes  apparent ;  me  beds 
of  granitic  Gneiss  and  Granite  be- 
eome  thicker  and  more  nnmeroiis, 
and  the  intervening  bonds  of  Mica- 
schist  thinner  and  fewer,  till  we  at 
last  reach  ground  where  the  latter 
can  no  longer  be  detected  and 
which  is  wholly  occupied  by  Gra- 
nite. We  can  here  be  no  longer 
certain  of  the  existence  of  bedding, 
but  the  rock  is  traversed  by  a  num- 
ber of  divisional  planes  ranging 
parallel  to  the  stratification  of  the 
undoubtedly  bedded  rocks  on  the 
left,  and  the  layers,  into  which  the 
rock  ia  divided  by  these  planes, 
differ  from  one  another  in  grain, 
mineral  composition,  and  other  pe- 
culiarities, just  in  the  same  way  as 
the  euccessive  beds  of  an  ordinaiy 
stratified  derivatiTe  deposit  are  ob- 
served to  do.  Teiy  grave  suspi- 
cions, therefore,  arise  m  our  mind 
that  this  apparently  amorphous 
crystalline  mass  was  once  a  bedded 
lock,  and  that  the  sikus  of  stratifi- 
cation have  been  all  but  effaced  by 
the  intense  degree  of  metamor- 
phiam  which  it  has  been  subjected 
to. 

The  section  just  deecribed  offers 
to  OUT  notice  a  group  of    rocks 


u 
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which,  in  liedding  and  other  chamcteristica,  presents  the 
strongest  analc^^  to  derivatiTd  deposits,  while  it  differs 
from  these  latter  in  posBeesing  a  more  or  less  pronounced 
crj^staUine  testure.  On  the  first  ground  we  are  led  to  think 
that  the  rocks  must  have  been  orieinally  derivatiTe,  while 
the  impossibility  of  rooks  as  ciTetalline  as  these  are  having 
been  formed  by  derivative  methods  alone,  convinces  us  that 
the  crystallisation  must  have  supervened  after  their  depom- 
tion.  And  it  is  in  favour  of  this  view  that,  in  proportion 
as  the  crystalline  texture  becomes  more  and  more  marked, 
the  traces  of  bedding  become  lees  and  lees  distinct. 

It  is  by  a  oonsideration  of  a  large  mass  of  evidence, 
similar  to  that  furnished  by  the  two  cases  just  given,  that 
geologists  are  led  to  a  conviction  of  the  metamorphic  origin 
of  the  rocks  now  under  coodderation.  Let  us  summarize 
the  facte  just  brought  before  us  and  the  reasoning  that 
flows  from  them. 

In  the  example  of  Massa  Carrara  we  start  on  bods  of 
the  ordinary  derivative  type,  and  find  them,  as  we  follow 
them  across  the  oountiy,  dianging  by  degrees  and  gradually 
putting  on  new  forms,  till  at  last  they  pass  into  rocks  so 
totally  different  from  those  we  began  wiu  in  external  look, 
mineral  character,  and  everything  except  ultimate  chemical 
composition,  that,  if  we  Lad  not  been  able  to  trace  them 
oontmuouslj  from  one  extreme  to  the  other,  and  note  all 
the  intermediate  links,  we  should  never  have  suspected 
that  the  rocks  at  one  end  of  the  section  were  nothing  more 
than  the  altered  equivalents  of  those  at  the  other  end; 
but  BO  insensible  is  the  transition,  that  there  cannot  be  a 
shadow  of  a  doubt  on  this  point. 

In  the  Irish  instance  our  reasoning  takes  a  different  line: 
there  is  not  the  same  gradual  passage  of  the  same  rock  fnun 
its  unaltered  to  its  altered  state ;  the  beds  are  all  of  them 
more  or  lees  of  the  same  type  as  those  at  the  Apennine 
end  of  the  Carrara  section.  Now,  no  one  can  gainsay  the 
oottclusion  that  the  latter  are  altered  derivative  rocks,  and, 
on  the  strength  of  the  exact  resemblance  between  the  two, 
we  do  not  hesitate  to  assert  the  same  of  the  Irish  beds, 
even  though  we  can  nowhere  follow  them  passing  into  an 
unaltered  state ;  and  this  conclusion  is  further  supported  by 
our  finding  in  the  greater  part  of  them  bedded  structuM 
still  remaining. 

One  more  fact  calls  for  special  notice.  In  both  cases  the 
intensity  of  the  metamorphism  keeps  increasing,  as  we  go 
is  a  certain  direetlon,  till  the  Beries  ends  in  Granite.    It 


by  Google 


euBDrnsioNs  op  mbtamokphic  rocks.     267 

mar  be  that  the  Granite  has  been  intruded  in  a  fused  state, 
and  that  heat  epreading  from  it  has  brought  about,  in  a 
manner  which  will  be  discussod  shortly,  the  metamorphiem 
of  the  surrounding  rocks.  But  it  is  equally  likely,  in  many 
cases  far  more  probable,  that  the  Granite  itself  ia  only  the 
result  of  the  extreme  stage  of  metamorphism ;  that  the 
process,  which  at  certain  stages  only  gave  rise  to  Gneiss, 
when  carried  a  step  further  went  to  the  length  of  actually 
fusing  the  rocks  it  affected,  and  that  the  molteu  mass, 
cooling  under  pressure,  hardened  into  Granito.  But  we 
shall  have  more  to  say  on  this  point  in  the  next  chapter. 

Effeots  of  Kstunorphian:— The  most  obvious  result 
of  metamorphism  has  been  to  superinduce  a  czTstalline 
structure  in  rocks  ori|pnally  derivative.  Its  effects  upon 
the  bedding  vary  in  different  cases ;  sometimes  the  stratifi- 
cation can  be  still  distinctly  traced,  sometimee  it  has  been 
obscured  or  replaced  by  the  structure  already  alluded  to 
as  foUatiou,  sometimes  neither  the  original  bedding  noi 
foliation  are  present  i  'it  a  rook  originally  contained  fossils, 
these  are  usually  obscured,  and  frequently  altogethei 
effaced,  by  metamorphism. 

SnbdiTiaiona  of  Xetamorphio  Boolw. — ^We.  may 
conveniently  divide  the  Uetamorphio  rocks  into  three 
classes: — 

1st.  Those  whidi  still  retain  their  bedding. 

2nd.  Foliated  or  Schistose  rocks. 

3rd.  Certain  Crystalline  rocks  of  the  Trappean  and  Flu> 
tonic  groups,  which  are  believed  by  many  geologists  to  be 
excessively  metamoiphosed  rocks. 

About  ikB  origin  of  the  first  there  can  be  no  doubt ;  tfaeii 
bedded  structure,  the  occasional  presence  in  them  of  fossils, 
and  the  passage  that  oan  often  be  traced  from  them  into 
the  unaltered  rock  by  whose  metamorphism  they  were  pro- 
duced, puts  this  beyond  question.  We  get  an  inklina  as 
to  the  way  they  were  produced  by  observing  that  they 
closely  resemble  the  b^ds  of  baked  and  altered  rock, 
which  have  been  already  noticed  as  frequently  surround- 
ing intrusive  igneous  masses,  and  by  sundry  laboratoi; 
experiments  by  which  some  of  them  have  been  produced 
artificially. 

The  origin  of  the  Schistose  rocks  is  not  quite  so  evident 
at  first  (d^t.  Considered  by  themselves  and  judged  only 
by  isolated  hand  spedmens,  there  is  little  about  them  to 
sunjest  a  relationship  to  the  rocks  of  the  first  class ;  but  a 
study  of  them  in  the  field  does  oooasionally  show  a  passage 
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from  them  throngh  the  latter  to  unaltered  deriratiTe  rocks, 
and  leads  as  to  believe  that  they  repreeent  a  more  advanced 
Bta^  of  metamorphiam,  in  which  the  rock,  without  being 
actually  fused,  was  so  far  softened  and  its  coherence 
weakened,  that  its  oonatituant  minerals  were  free  to  move 
among'  one  another  and  group  themselves  in  separate 
layers,  and,  maybe,  to  become  decompoaed  into  their 
chemical  elements,  so  that  the  latter  were  able  to  enter  into 
new  combinations. 

There  is  not  much  difference  of  opinion  among  geologists 
aa  to  the  origin  of  the  rocks  which  make  up  the  two  classes 
just  described ;  they  are  generally  admitted  to  be  altered 
derivative  deposits.  But  by  no  means  the  eame  unanimity 
prevails  with  respect  to  many  of  the  rocks  which  we  pro- 
poae  to  pldoe  in  the  third  daes.  We  shall  follow  tnoee 
authors  who  class  as  metamorpbio  certain  members  of  the 
Trappean  and  Plutonic  groups,  such  aa  many  Dioritee, 
Compact  Felstones,  Qranites,  and  Syenites,  under  the  be- 
lief that  the  partial  fusion  which  these  rocks  have  probably 
undergone  ^s  been  brought  about  by  the  same  cauaes 
that  gave  rise  to  the  metamoTphism  of  the  rocks  of  the  first 
two  classes,  only  that  in  the  case  of  the  former  the  ad:ion 
was  more  vigorous  and  was  carried  further  than  in  the 
case  of  the  latter.  In  a  word,  we  shall  adopt  the  opinion 
that  the  rocks  in  question  are  only  intensely  metamor- 
phosed products. 

But  it  is  only  right  to  state  that  there  ore  other  geolo- 
giflta  who  will  not  admit  the  possibility  of  these  rocks 
having  had  a  metamorphic  origin. 

That  Trappean  and  Hutonio  rocks  have  been  once  in  a 
state  of  partial  fusion  is  allowed  by  both  sides ;  the  two 
schools  differ  in  their  explanation  of  the  way  in  which  the 
molten  condition  was  brought  about. 

In  order  to  make  the  matter  dear,  it  will  be  necessary 
to  give  a  summary  of  the  opposite  opinions  held  on  this 
subject. 

'niere  is  good  reason  to  believe  that  the  whole  earth  was 
once  in  a  state  of  fusion,  and,  according  to  one  school,  it 
oonaists  now  of  an  external  solid  crust,  within  which  a 
moss  or  detached  mosses  of  the  original  fluid  material 
stall  remain  in  a  molten  oondition.  Taking  thia  view  of 
the  constitution  of  our  planet,  some  geologists  will  have  it 
that  all  lavas  are  porbons  of  thia  molten  interior  mass, 
which  have  been  forced  up  to  the  surface,  and  that  those 
rocks  known  oe  Trappean  or  Plutonic,  which  differ  from 
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subaerial  lavas  in  being  more  compact  and  ciTBtallme,  are 
portione  of  the  same  molten  interior  iubbb  which  have 
cooled  and  hardened  under  preasure.  This  school,  then, 
draws  all  igneous  prodacte  &om  an  internal  pentaneiUlf 
moUen  reeervoir. 

But  of  late  years  a  more  careful  ezaminatioii  on  a  large 
scale  in  the  fidd  of  the  rocks  hitherto  classed  as  Trappean 
and  Plutonic  has  shown  that  the^  can  be  occasionally 
traced  passing  insensibly  into  foUated,  or  less  highly 
metamorphosed,  or  even  unaltered  derivative  rocks ;  and 
also  that  they  occur  now  and  then  in  masBee  of  a  bedded 
aspect  among  undoubtedly  stratified  deposits. 

These  facts  have  led  to  the  belief  that  such  rocks  have 
not  been  derived  from  a  molten  interior  mass,  but  that  they 
are  only  intensely  altered  portions  of  the  solid  crust ;  and 
when  we  can  trace  an  ordinary  derivative  rock  becomujfr 
graduidly  raystalline,  then  putting  ou  foliation  but  still 
retaining  traces  of  its  bedding  and  original  character,  and 
lastly  gradually  losing  step  by  step  every  peculiarity  which 
origmally  distinguiehed  it  and  passing  into  an  amorphous 
crystalline  mass,  it  does  seem  reasonable  to  conclude  that  a 
chain  of  results  so  closely  connected  with  one  another  are 
only  Buooeesive  steps  of  the  same  process,  and  that  the  only 
difference  between  the  last  and  the  earlier  stages  is  that 
in  the  former  the  process  of  alteration  has  be^i  more 
thoroughly  carried  out  than  in  the  latter.  According  to 
this  view,  then,  Plutonic  and  Trappean  rocks  have  been 
produced  by  the  melting  down  of  portions  of  the  solid 
crust,  and  fusion  was  produced  by  a  more  energetic  action 
of  tlie  same  causes  which  gave  rise  to  foliation  and  other 
metamorphic  changes.  And  since  lavas  are  only  the  sub- 
aerial  forms  of  Trappean  and  Hutonic  rocks,  they  also 
are  believed  to  have  arisen  in  the  same  manner  and  from 
the  same  cause.  By  those  who  take  this  view  rocks,  which 
we  would  place  in  a  third  metamorphic  dass,  are  looked 
upon  as  tiie  result  of  a  stage  of  alteration  still  more 
advanced  than  that  which  gave  rise  to  foliation ;  they  have 
been  more  than  softened  and  rearranged — they  have  been 
actually  reduced  in  some  cases  to  a  state  of  partial  fusion. 

Adopting  this  view  of  the  origin  of  Trappean  and 
Plutonic  masses,  we  can  distinguish  two  forms  under 
which  they  occur.  They  sometimes  seem  merely  to  take 
the  place  of  portions  of  the  snrrounding  beds  without  show- 
ing any  signs  of  breaking  fordbly  through  diem ;  in  other 
ca»es  they  behave  intnudvely,  and  seiul  out  tongues  or 
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dykes  into  the  neighbouring  roclcB.  In  the  first  caae  a 
body  of  the  original  rock  aeeme  to  have  been  quietly  melted 
down  or  otherwise  tranaformed  into  a  crystaUine  mass ;  in 
the  second  the  action  was  more  enereetic — the  nwk  was  not 
merely  fused,  but  expanded  during  the  process  of  metamor- 
phism,  and  was  by  this  means  forcibly  injected  into  fissnrea 
and  rents  in  the  surrounding  strata.* 

The  two  views  as  to  the  origin  of  molten  igneous  pro- 
duots  are  not  necesaarily  antagonistic.  They  may  be  both 
true.  8ome  lavas  and  traps  may  have  come  from  aa 
interior  permanently  fluid  reservoir,  and  some  may  have 
been  produced  by  the  melting  down  of  portions  of  the 
solid  cruet.  On  the  other  hand,  the  existence  of  any 
permanently  molten  masses  near  enough  to  the  surface  to 
allow  of  their  contents  being  forced  out  into  the  air,  seems 
on  many  grounds  extremely  improbable. 

In  the  preceding  pages  the  words  "  melted,"  "  fused," 
"molton"  have  been  repeatedly  used.  In  dealing  with 
lavas  we  pointed  out  that,  tliough  we  might  empfoy  for 
shortness  sake  these  and  similar  expreesions,  the  reader 
must  carefully  bear  in  mind  that  they  did  not  necessarily 
imply  perfect  or  simply  igneous  fusion.  A  similar  restric- 
tion applies  in  the  present  instance,  for  we  shall  see  ahoHly 
that  water  and  other  agencies  aided  heat  in  the  production 
of  metamoiphism,  and  that  there  is  no  reason  to  believe 
that  oven  the  most  intensely  metamorphosed  rocks  have 
been  more  thoioughly  melted  than  ordinary  lava. 


We  will  now  notice  some  of  the  chief  varietiee  of  the 
Hetamorphic  rooks. 

Ist  QasB. — Thobk  which  btiu.  bstair  Tiuces  of  B&CDiNa 
A3n>  OTHZR  Proofs  of  theik  okioinally  Dseivatttx 
CorrornoK. 

(o)  Silieeoui  Membert. 
Quartt-nxik  or  Quarltite. — ^An  aggregate  of  Qnartz  grains 
bound  together  into  a  veiy  hard  compact  rock  with  a 
splintery  fracture.  It  can  scarcely  be  called  a  Crystalline 
rock,  but  the  preseace  of  Quartz  crystals  in  cavities,  and 
occasionally  iu  the  body  of  the  rock  itself,  show  that  a 
raystalline  texture  haa  been  begun  to  be  set  up  in  it,  and 
•  8m  SteiTT  Htmt,  Uout.  Jctm.  QvH.  Boc.  of  Laodoa,  xv.  490. 
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the  Kraina,  -when  examined  through  a  lens,  have  a  arani- 
fused  aspect.  Intermediate  TarietieB  occur  between  the 
most  crystalline  form  of  Quartzite  and  the  more  doeely 
KTained  Sandstones,  whicli  lead  us  to  believe  that  the 
former  is  an  altered  condition  of  the  latter  ;  and  this  condlu- 
sion  is  confirnied  by  the  follonTUg  considerationB.  Blocks 
of  Sandstone,  which  have  been  for  some  time  in  use  for 
the  hearths  of  furnaces,  are  converted  into  Quartzite,  and 
have  sometimes  a  prismatic  Btructuregiven  to  them  ;*  and 
when  igneous  rocKS  have  burst  through  SandBtones,  a  belt 
of  the  latter  surrounding  the  intrusive  mass  is  frequently 
found  to  be  baked  into  a  perfect  Quartzite, 

The  Epical  Quartzites  are  almost  purely  siliceous  rocks, 
but  varietdee  occur  enclosing  crystals  of  Felspar  and  other 
minerals,  and  one  form  contains  Mica  in  sumdent  abund- 
ance, and  arranged  with  sufficient  regularity  in  layers,  to 
give  it  a  schistose  structure. 

Lydian  Stmt. — DifFera  mainly  from  Quartzite  in  contain- 
ing small  admixtures  of  Alumina,  Carbon,  and  Oxide  of 
Iron ;  the  amount  of  the  impnrities  varies  very  much  in 
different  specimens ;  often  ribboned  or  laminated.  As  the 
more  typical  Quartzites  have  arisen  from  the  metamorphiBm 
flf  highly  siliceous  Sandstones,  Lydian  Stone  would  seem 
to  be  the  result  of  the  alteration  of  the  more  impure  argil- 
laceous Sandstones  and  sandy  Shales.  A  case  has  been 
already  given  where  Bhales  have  been  converted  by  con- 
tact with  an  igneons  dyke  into  a  sort  of  Lydian  Stone. 

Innumerable  varieties  of  rocks,  to  which  it  is  scarcely 
possible  to  assign  definite  names,  have  arisen  from  the 
alteration  of  impure  Sandstones.  A  very  instructive  in- 
stance is  described  by  Prof.  lUjnsay  in  the  neighbour- 
hood of  Llanberis.t  Underneath  the  well-kuown  roofing 
Slates  of  Penrhyn  and  Llanberis  is  a  group  of  bands  of  Slate, 
Grit,  and  Conglomerate  resting  on  a  mass  of  quartzose 
porphyritic  Felstone.  The  Slates,  Qrits,  and  Conglomerates 
are  altered  for  some  distance  from  the  junction,  "the 
alteration  increasing  as  it  approaches  the  undoubted  Por- 
phyry ;  and  it  is  easy  to  note,  first,  the  disappearance  of  the 
granular  structure  in  the  conglomeratic  and  sandy  matrix, 
and  its  gradual  assumption  of  a  porphyritic  character  with 
Hmall  crystals  of  Felspar  embedded,  while  the  enclosed 
pebblea  still  retain  their  distinctive  forms  ;  and  again,  on 

Db  la  Beche,  Benarclies  in      (Uemoira  of  the  Q«olo(rical  Bor- 
'  Qeology,  p.  lOS.  vbj  of  England  uul  Wftle*),  pp. 

leolog;  of  N.  Walei       UO— Its. 
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approaching  the  reoog:nised  Porphyry,  the  hard  outlineB  of 
the  pebbles  in  the  Conglomerate  midiially  melt  away  till 
they  become  indistinguifihable  in  the  general  fusion  of  the 
rock.  So  closely  doeB  the  matrix  of  the  altered  rock 
resemble  the  adjoining  typical  Porphyry  in  colour,  texture, 
and  even  porphyrytic  character,  and  by  such  insensible 
gradatione  do  they  melt  into  one  another,  that  the  bus- 
picion  or  rather  the  conviction  constantly  recurs  to  the  mind 
that  the  solid  Porphyry  itself  is  nothing  hut  the  result  of 
the  alteration  of  the  stratitied  masses  carried  a  stage  further 
into  the  region  of  that  kind  of  absolute  fusion  tiiat  in  so 
many  regions  resiilted  in  the  formation  of  Qranites,  Syenites, 
and  other  rocks  oonmionly  called  intrusive ;  and  this  view 
is  aided  by  the  fact  that  it  is  impossible  to  define  any  line 
of  demarcation  between  Conglonierate  and  Porphyry." 

Felspathjc  tiandetones,  more  or  less  altered,  make  up  a 
great  part  of  the  Siluiian  rocks  of  the  eouthem  uplands  of 
Sootiiind.* 

(_b)  ArgiUaetoia  Mtmitrt. 

Clog  Slate. — This  rock  may  well  be  placed  in  the  Ueta- 
moiphic  group,  though  the  main  alteration  that  has  been 
jiroduced  in  it  in  not  so  much  the  development  of  crystalline 
texture  as  hardoning  and  the  production  of  the  peculiar 
structure  already  described  under  the  name  of  Cleavage. 
The  different  varieties  of  Clay  Slate  correspond  in  mineral 
and  chemical  comMsition  with  the  various  forme  of  argil- 
laceous Shale,  and  differ  only  from  the  latter  in  their  more 
perfect  induration  and  the  possession  of  cleavage.  Both 
these  distinguishing  characteristics  are  due,  as  we  havo 
already  seen,  to  pressure.  The  cleavage  plauee  of  some 
Clay  Slates  are  flecked  over  with  flakes  of  Mica,  Talc, 
Chlorite,  ChiastoUte,  and  othrr  minerals.  In  these  varieties 
metamorphism  has  advanced  a  step  further,  and  has  given 
rise  to  an  incipient  foliation  which  aUies  them  to  the 
Schistose  rocks. 

PoreellaniU. — The  metamorphism  of  some  Clays  has 
given  rise  to  a  rock  which,  from  its  resemblance  to 
eurthenware  or  china,  has  received  this  name.  "When 
Htained  red  it  is  known  as  Jaspery  Forcellanite,  or  Porce- 
liiin  Jasper. 

■   J.    Oeikia,     Qturt.   Jonni.  Qoologr  of   East  Lothian,  Tha 

Geol.  Soc.  of  London,  zxii,  513;  Qeol^y  of  Bnit   BsTwiclnbiie, 

A.  Gaikia  (Memain  of  the  Geolo-  and  Eiplaiution  of  SheeU  3  and 

gioal  Survey  of  Scatknd),  The  IS. 
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(0)  CaUoTMUt  Mmbvrt. 
Crif»taUinelAmettone. — All  tolerably  pure  Limeetonee  seem 
to  have  a  tendency  to  assume  a  ci78talUne  texture.  This 
may  be  seen,  for  instance,  m  many  parts  of  the  Carbon- 
iferous Limestone  of  the  centre  of  England,  which  there  is 
no  reason  to  Buppose  has  erer  been  subjected  to  any  special 
metamorphosing'  influence.  The  dissolution  and  precipita- 
tion of  Carbonato  of  Lime  by  percolating  water  has  no 
doubt  much  to  do  with  producing  this  result,  but  very 
likely  the  slow  working  of  molecular  change  may  have 
aided.  With  a  tendency  of  this  nature,  it  is  no  wonder  that 
Limeetoaes,  when  metamorphic  agencies  are  brought  to  bear 
<m  them,  are  readily  converted  into  a  semi- crystalline  or 
orystalline  state.  All  sorts  of  varieties  occur,  some  largely 
and  coarsely  crystalline,  others  containing  ciystals  of  foreign 
minerals,  such  as  Mica,  Chlorite,  Garnet,  &o.,  and  some  of 
a  beautifully  even,  oloeoly-grained  texture,  resembling 
loaf-sagar,  and  capable  of  takmg  a  polish.  The  last,  whit^ 
are  known  as  Saccharoidal  Limestones,  furnish  the  Statuary 
U arble  of  commerce.  We  have  already  noticed  one  case  m 
which  Limestone  of  the  ordinary  derivative  type  is  observed 
to  pass  on  a  large  scale  into  a  Crystalline  rock ;  the  same 
chEUige  is  often  noticed  where  Limestones  are  invaded  by 
igneous  rocks,  as,  for  instance,  in  the  case  of  the  Chalk 
of  the  north-east  of  Ireland.*  Crystalline  Limestone  has 
also  been  produced  artificially.  Wben  Limestone  is  burnt 
in  the  open  air  the  Carbonic  Add  is  driven  off  and  quick- 
lime remains  behind  i  but  Sir  James  Hall,  by  con£ning 
Limestone  in  a  closed  vessel  so  as  to  prevent  the  escape  ca 
the  Carbonic  Acid,  and  heating  it,  succeeded  in  converting 
it  into  Btatnary  Marble.f  Xbe  experiments  were  made 
with  Chalk,  common  Limestone,  Marble,  Bpar,  and  fish 
shells.  In  all  cases  the  Carbonate  of  Lime,  which  had  been 
introduced  in  the  state  of  the  finest  powder,  was  agglutinated 
into  a  firm  mass,  possessing  a  degree  of  hardness,  compact- 
ness, and  specific  gravity  neariy  approaching  to  &ose 
qualitieB  in  a  sound  Limestone ;  and  some  of  tiie  results, 
by  their  saline  fracture,  by  their  semi-transparencf,  and 
their  susceptibility  of  a  poUui,  deserved  the  name  of  If  arble. 
One  specimen,  formed  mtm  pounded  8par,  was  so  complete 
as  to  deceive  the  workman  employed  to  polish  it,  who 

*  Bnckland   and    Coajbean,      glcal  Obmrver,  p.  TOO. 
TranMCtioiM  Geol.  80c.  of  Lon-  t  Edinburgh    PhiL    Tiannc- 

don,  iii. ;  De  la  Beohe,  Oeolo-      tionv,  voL  vL  p.  71- 
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deolared  that,  were  the  substance  a  little  whiter,  the  qaairy 
from  which  it  was  taken  would  be  of  great  value  H  it  lay 
within  reaeh  of  a  market.  This  last  and  some  others  soon 
crumbled  and  f  eU  to  dnst ;  but  many  others  leaisted  the  air 
and  retained  theii  polish  as  well  as  any  Uarble. 

In  some  of  the  micaceous  metamorphic  Limestones  the 
Hica  occurs  in  sufficient  abundance  to  gire  them  a  seluBtose 
structure. 

BoiomiU.  —  We  hare  seen  that  some  Dolomites  and 
Magnesian  Limeatones  have  probably  been  formed  by 
chemical  precipitation,  others  nave  undoubtedly  been  pro- 
duced by  the  alteration  of  Limestone.  Buoh  a  chan^  is 
called  dolomiltMotion.  Various  views  have  been  held  as  to 
the  methods  by  which  the  metamorphism  has  been  brought 
about.  Axduino  in  1779,  Heim  in  ltS06,  and  Yon  Buuh  in 
1622,  suggested  that  where  augitic  igneous  rocks  have 
burst  through  or  been  irrupted  below  LimeBtones,  mag- 
neeian  vapour  had  risen  tnan  the  fused  mass,  insinuated 
itself  through  the  body  of  the  rock,  and  riven  rise  to 
dolomitization.*  This  view  was  stoutly  upheld  by  the  last 
great  geologist;  and  he  pointed  to  the  hu^e  dolomitic 
masses  of  the  Tyrol,  below  which  great  bodies  of  Mela- 

ayre  exist,  as  a  case  in  point.  Subsequent  examination 
s  shown  that  the  explanation  will  not  hold  good  in  this 
case;!  but  there  is  no  doubt  that  Limestones  are  some- 
times dolomitized  when  they  oome  in  contact  with  mag- 
nesian igneous  rocks.  Bisi^of  quotes  a  case,  mentioned 
by  Ooquand,  of  a  Limestone  in  oontaot  with  Basalt,  which 
became  more  and  more  magnesian  the  nearer  it  approached 
the  latter  rock.}  But  he  does  not  believe  the  change  to  be 
due  to  the  action  of  vapour,  and  prefers  to  account  for  it 
by  the  percolation  of  water  holding  Carbonate  of  Uagnesia 
in  solution.  The  latter  salt  he  believes  was  obtained  by 
the  decomposition  of  the  Silicate  of  Magnesia  of  the 
Basalt  by  carbonated  water,  which  found  its  way  down 
between  the  dyke  and  the  adjoining  rock.  An  experi- 
ment of  l>urocher'B  is,  on  the  other  hand,  somewhat  in 
favour  ot  the  vapour  theory.  He  heated  together  frag- 
ments of  Limestone  and  Magnesian  Chloride  in  a  close 
vessel,  and  succeeded  in  oonverting  part  of  the  former  into 
Dolomite.  § 

France,  2iid  Mr.,  ti.  SOS— file : 
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Errai  BuppoBiDg,  hovever,  that  ma^wian  vapoozB  have 
boen  in  aome  coses  the  cause  of  dcuomitization,  we  can 
hardly  auppase  that  their  effect  would  extend  to  any  neat 
diBtance  from  the  source  which  gave  them  off,  and  caa 
Bcarcelj  apply  this  explanation  to  account  for  the  trans- 
formation of  great  maeaee  of  Limestone  into  Dolomite. 
Another  explanation,  to  which  the  objection  just  men- 
tioned does  not  apply,  is  that  dolomitization  was  produced 
by  the  ^raroolatioii  oi  water  holding  Carbonate  of  Magnesia 
in  solution.* 

Frofessor  Harkneas  has  explained  in  thia  way  the  occur- 
lence  of  M&gneaian  Limestones  among  iho  Carboniferous 
Limestone  of  Co.  Cork.t  They  occur  under  two  forms ; 
in  some  cases  they  are  interstratified  with  the  ordinary 
Limestone,  in  others  they  form  vertical  tibs,  cutting 
across  the  bedding  like  igneous  dykes.  Wherever  the  riH 
occur  the  rock  is  well  jointed,  the  walls  of  each  rib  being 
formed  by  joints;  but  where  bait  prevail  the  rook  has 
little  OF  no  jointing.  In  the  first  case  the  dolomitisinff 
solution  found  its  way  most  readily  down  the  open  vertical 
fissures,  and,  spreading  into  the  adjoining  rock,  altered  a 
band  bonnded  by  the  joints  that  gave  it  passage ;  where 
^lere  were  no  joints,  the  easiest  path  was  parallel  to  the 
planes  of  bedding  through  the  most  permeable  strata. 
nofessor  Harkness  also  points  out  that  m  some  cases  the 
alteration  is  greater  in  the  upper  than  in  the  lower  part  of 
the  rock,  as  if  the  producing  cause  had  been  something 
introduced  from  alxive.  He  supposed  the  dolomitizing 
agent  to  have  been  the  Sulphate  of  Magnesia  and  Chloride 
of  Usgnesium-  of  sea-water.  According  to  Favre,  theee 
eabstanoes  can  alter  Limestone  into  Dolomite  only  under 
great  pressure,  and  at  a  temperature  of  200°  C,  condi- 
tions which  we  can  hardly  suppose  to  have  been  present. 
It  seems  more  likely,  therefore,  that  it  was  a  solution  of 
Carbonate  of  Magnesia  that  worked  the  change.  Bibs  of 
Uagnestan  Limestone,  like  those  just  described,  are  also 
met  with  in  the  Carboniferous  Lunestone  of  Yorkshire, 
where  they  are  known  as  "  Dun  courses."  Other  cases  of 
Dolomite  oocoiring  in  ribs  will  be  found  in  Naumann's 

■  Bischofi;  Chemioal  Geology,  t  Qnarteriy  Jonmal  Gteologi- 

iu.    164—167,   179 ;    Dana  and  cal   Sodety,   zv.  100 ;   «ee   aJao 

Jackioii,   SiUnaan')   Jontn.  ilr.  Wylej,  Journal  DabUn  Qeologi- 

(1643}  120, 141 ;  Nanch,  Pogcoi.  cal  Society,  tL  lOS. 
dot!  *"n.,  IzXT.  (1848)  140. 
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Qeognosie,  i.  766,  767,  with  many  refarenoefl  to  the  litera- 
ture <^  the  eubject. 

Magnesian  Idmeetonee  are  very  Erequentlj  full  of  cavitiee, 
and  £lie  de  Beaumont  has  enggeeted  that  these  are  the 
result  of  the  decrease  in  bulk  which  would  accompany 
the  transformation  of  Limeetone  into  Dolomite,  if  it  were 
effected  by  the  process  we  are  now  oonsidering.  The 
maimer  of  the  change  was  thus.  Water  holding  Carbo- 
nate of  Magnesia  in  solution  peroolated  throngh  tne  rock ; 
the  tendency  of  this  salt  to  unite  with  Carbonate  of  Lime 
canaed  it  to  be  precipitated,  and  the  carbonated  water  took 
up  in  its  place  Carbonate  of  lime.  Out  of  every  pair  of 
atoms  of  Carbonate  of  Lime  one  was  remored  in  eolution, 


Balk  of  t«o  atonui  of  Oarb,  of  Urns  ^ 

Atomio  weight  200 

Bpec.  grav.  at  limestono  2.7 

Bulk  of  one  atom  of  Carb.of  Lime-t-  oneatomof  Chrb.of  Hagncida^ 

Atomic  weight  194 

Upea.  grav,  of  Dolonuta         2.85 

Whence — 

184 
Bulk  of  TCBultiog  Dolomite  _  2.S6  _ 
&nlkofongimdL£^Mb^         ?«£  ~ 

2-7 
So  that  the  ehrinkisg  ought  to  be  between  12  and  13  per 
lient.     Li  some  actiud  cases  £lie  de  Beaumont  estimated 
the  caTitiee  at  12.9  per  cent,  of  the  whole  rock. 

The  same  explai^tion  will  apply  to  the  formali<m  of 
what  are  known  as  Potato-stones.  These  (u«  pebbles 
which  are  known  by  the  fossils  they  contwn  to  have  been 
once  Limestone,  but  which  have  been  converted  into  AEag- 
nesian  Limeetone.  They  are  hollow  inside,  and  the  walls 
of  the  cavity  are  coated  with  crystals  of  Bitter  Spar.  If 
the  alteration  was  effected  by  a  solution  of  Carlmnate  of 
Magnesia,  the  consequent  shrinking  would  account  for  the 
internal  hoUow. 

A  group  of  rocks  betonging  to  the  Permian  formation, 
at  Barrowmouth,  near  Wnitehaven,  seems  to  furnish  an 
instancy  where  dolomitization  has  been  brought  about  by  a 
eolution  percolating  from  above  downwcu^oa.  The  sec- 
tion is : — 

8.  Bed  Mail  with  lenticular  massee  of  Qypsum. 
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2.  MagnesiaD  Liroeetone,  pebbly  in  lover  part. 
I.  BTeocia,  witli  dolomitio  cement  in  upper  part. 

The  Breotda  oontains,  beeidee  other  rodca,  many  pebbles 
of  OorboniferouB  Limeetone ;  and  in  the  upper  part,  where 
the  c^nent  has  a  dolomitia  character,  these  are  frequently 
converted  into  Fotato-Btones.  The  Limestone,  according 
to  Mr.  Binney,  is  one  mass  of  indistinot  fossil  sheila,  and 
contains  numerous  small  hollows  filled  with  Spar ;  it  oon- 
tains, according  to  his  analysis,  about  77  per  cent,  of 
Carbonate  of  Ume  and  11*6  pet  c^it.  of  Carbonate  of 
Uagneraa.  The  abundance  of  fosailB  in  the  rock  makes  it 
unlucely  that  it  is  one  of  those  Limestones  which  were 
formed  by  precipitation  from  a  solution  of  calcareouB  and 
magneaian  salte ;  it  is  most  likely  of  oivanio  orig^  and 
was  originally  an  ordinary  Limestone.  If  this  be  true  of 
the  Limestone,  it  is  highly  probable  that  the  Breoda  con- 
tained at  the  time  of  its  formation  no  magaeeian  matter. 
Wb  may  therefore  look  upon  these  two  rocks  as  having 
been  orinually  ordinary  marine  deposits.  But  the  over- 
lying E^  MatI  with  dypsum  points  to  a  change  of  con- 
ditionfi.  These  were  probably  formed  in  inland  waters, 
perhaps  by  some  such  reaction  as  Sterty  Hunt  hns  suggested, 
whereby  Gypsum  and  Carbonate  of  Magnesia  were  pre- 
cipitated ;  me  latter  was  carried  down  in  solution  through 
the  underlying  beds,  slightly  dolomitiied  the  Limestone, 
^ving  rise  to  the  druey  cavities,  and  penetrated  some  way 
into  Qie  Breccia,  converting  the  Limestone  pebbles  into 
Potato-stones.  The  fact  that  the  lower  part  of  the  breocia 
does  not  appear  to  be  altered  seems  to  show  that  the 
water  had  Deea  robbed  of  all  its  magneaian  salt  before 
reaching  tbe  bottom  of  the  bed.* 

Ur.  Sorby  believes  many  of  the  Permian  Magnerian 
Limestones,  and  also  the  magnesian  portions  of  the  Car- 
bonifetoas  and  Devonian  Limestones,  to  be  altered  Ldme- 
etones.  He  says  that  in  thin  sections  of  these  rocks  frag- 
ments of  the  organic  bodies  of  which  they  were  composed 
may  be  sometimes  detected,  but  that  frequently  the  original 
mechanical  structure  has  been  entirely  obliterated  by  the 
change.  He  believes  the  alteration  may  have  been  brought 
about  by  the  infiltration  of  soluble  salts  of  sea-water,  when 
it  had  become  so  far  concentrated  that  Book  Bait  was 
deposited,  and  that  the  calcareous   salt  removed  during 

*  For  ftartharjMrldeiilui  About      ii.  STl ;  Sazknea,  Qout.  Sovia. 
tlwae  bed*,  te*  Binney,  lit.  ud      QeoL  Soo.,  xz.  160, 
FliiL  Boo.  Hincbeeter,  trd  aar., 
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the  cban^  gave  rise  to  aocumulations  <d  Orpemn  by 
decompoeitioQ  with  the  sulphates  of  sea-water.  Home  veiy 
solid  Dolomites,  he  lemarxs,  do  even  now  oontaia  about 
one-fifth  per  cent,  of  salts  soluble  in  water.  Chlorides  of 
Sodium,  Magnesium,  Potassium,  and  Calcium,  and  Sul- 
phate of  Lime,  which  are  doubtlees  retained  in  minute 
"  fluid  cavities."  These  must  have  been  produced  at  the 
same  time  as  the  Dolomite,  and  caught  up  from  the  solu- 
tion dieu  present,  which  is  thus  indicated  to  hare  been  ot 
a  briny  character.* 

As  athirdmeansof  explaining  the  origin  of  Dolomite,  it 
has  been  suggested  that  water  might  remore  from  a  Dolo- 
mitic  Limestone  the  Carbonate  of  Lime,  leaving  the  inso- 
luble double  carbonate  behind.  Some  organisms  do  secrete 
and  introduce  into  their  hard  parte  Cari>onate  of  Magnesia 
as  well  as  Carbonate  of  Lime,  and  it  has  been  hinted  that 
if  an  organic  Limestone  was  formed  of  these  r^nains,  and 
the  two  carbonates  became  united,  the  superfluous  Car- 
bonate of  Lime  might  be  removed,  and  a  Dolomite  formed. 
The  highest  percenter  of  Carbonate  of  Uagneeia  known 
to  exist  in  any  hard  organic  structure  is  7644  per  cent., 
and  therefore  the  application  of  this  hypothesis  to  Lime- 
stone formed  by  nmnialii  at  all  approaching  recent  forma 
in  this  respect  is  quite  inadmisaible,  on  aooount  of  the 
enonnouB  shrinking  it  would  involve. 

Besides  the  Dolomitic  rocks  already  mentioned,  there 
are  others  interstratified  with  highly  metamorphosedrocks, 
Buch  as  Gneiss  and  Uica-schist,  and  containii^  czystals  of 
Hica,  Talc,  and  Quartz,  which  we  can  haidly  took  upon  as 
anything  but  the  products  of  alteration.  By  what  means 
the  oha^^  has  been  brought  about  is  as  yet  uncertain. 

In  deuing  with  those  Uagneeian  Limestones  which  seem 
to  have  hem  formed  by  precipitation,  we  were  obliged  to 
admit  that,  though  there  was  good  rea8<m  to  believe  that 
they  had  a  chemical  origin,  we  were  still  quite  in  the  dark 
as  to  the  exact  nature  <S  the  reactions  by  which  they  had 
been  produced.  Our  position  is  very  mu^  the  same  with 
regard  to  the  Dolomitic  rocks  we  l^ve  just  been  treating 
of ;  there  are  strong  grounds  for  the  opinion  that  they  are 
allied  liimeetones,  out  how  exactly  the  alteration  was  pro- 
duced is  still  an  open  question. 

Gyptum. — We  must  now  say  a  word  about  these  Gyp- 
sums, which  have  probably  be^  produced  by  the  alteration 
of  other  rocks. 

t  Beportiirf  BiilidkAnocbitian,  ISM,  l^uuMt  of  Beatbiii,  p.  77. 
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There  can  be  oo  doubt  Qiat  Anhydrite,  irhere  it  has  been 
espoBed  to  the  aiotio&  of  the  air  or  of  percolating  water,  is 
converted  into  UTpaom.  The  prooeas  has  been  observed 
aotuailj  going  on,  and  cases  have  been  observed  of  masses 
of  Sulphate  of  Ijme  whioh  are  composed  of  a  coating  of 
GypBum  wrapped  over  a  nudeus  of  Aiihjdrtte. 

A^ain,  Limestone  mar  be,  and  in  man;  cases  pro- 
bab^  has  been,  oonveited  into  Oypsum.  There  are  casec 
known,  in  the  Alpe  and  elsewhere,  vbere  a  gioup  of  rocks 
contains  at  some  spots  great  thicknesses  of  l2mestone, 
while  at  other  spots  the  corresponding  portions  of  the  same 
gronp  are  oompoeed  of  Gypsum ;  the  Limestone,  in  fact,  is 
replabed  bjr Q^Mum.  we  can  hardly  suppose  this  to  have 
been  the  original  state  of  things  ;  it  seems  ecaroely  possible 
tliat  marine  organic  deposits  and  chemical  precipitatee  could 
have  been  formed  thus  doedy  side  by  side ;  the  more  reason- 
able ezjdanatitm  is  that  the  Qypsmn  is  altered  Limestone. 

The  change  may  have  be^  broti^bt  about  in  various 
ways.  The  acdom  of  sulphurous  acid,  which  is  given  off 
froin  Toloanie  souroee,  would  change  any  Limestone  it  came 
in  contact  with  into  Gypemn.  It  is  doubtful  whether 
vapour  oould  make  its  way  so  thoroughly  through  the 
wbtde  rock  as  to  transform  faive  masses ;  but  if  converted 
into  Sulphuric  Add  it  might  be  carried  by  water  into  the 
very  heart  of  the  rook.  Sterry  Hunt  believes  that  this  is 
the  origin  of  ccalain  masses  of  Gypsum  in  the  Onoda^ 
Salt  Group  of  Canada ;  springs  are  met  with,  iu  the  district 
where  the  Oypeom  occurs,  oontfung  free  Sulphuric  Acid, 
and  he  thinks  that,  if  this  water  came  in  contact  with  the 
Limeetone  of  the  grou^  it  would  form  a  calcareous  sul- 
phate, nearly  all  (d  which,  on  account  of  its  slight  solu- 
biH^,  would  be  deposited  in  a  crystalline  form.*  He  ' 
mentions  that  in  one  case  Mr.  Uurray  observed  a  slender  ' 
mrlinder  of  Gjmsum  running  up  through  several  beds  ot 
Limestone,  ana  extending  in  overlying  Tertiary  CIot. 

The  oonversiDn  of  Anhydrite  or  Limeetone  into  Gypsum 


*  On   the  Add  Spiinn    and  tifl«d,  and  to  luve  n 

Oyptnm  DepoBti  of  Uie  ^odaga  wiUk  the  ainiiig*  of  tli«  [atMnt 

8&ltQT0iip,Billiiiuii'sJo<iin.,£d  timsL"     Storrf  Hunt,  hvwsver, 

MI.,  Ttii.lTC  (1M9).    IntlMBe-  msintaiiM thers sre two Qypswnii 

pent  ontbeOedli^ofOuitdB  to  me  ooatanpomneoof  wiw  th« 

I86S  (p.  962),  it  it  (tated  Oiat  the  iocIb  amoiur  whiah  it  ooaan,  the 

QjmniM  at  tbe  Onodaga  group  otiiw  now  being  fonniM  in  tha 

of  Oantda  "  nam  to  be  contemwi-  manQor   ezplainsd  in   tha  taxt 

nuwoua  witlk  the  ShaJaa  and  Dolo-  BiUiman'a  Jodih.,  2nd  aar.,  zrviif, 

nilM  in  irtueh  they  ne  Intentn-  966  (ISfiS). 
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is  attended  by  a  considerable  increue  in  bulk,  and  this  dr- 
oumatance  has  been  applied  to  aocoimt  for  a  puzzling 
occurrence  often  met  witn  in  Hie  neighbourhood  of  large 
masses  of  G^sum.  Around  such  faasBes  the  overlying 
rocks  are  tilted  up  frequently  at  high  anglee  and  bent  into 
an  arch,  while  the  rocks  balow  lie  perfectly  flat.  It  has 
been  snggeated,  that,  as  the  original  rock  swelled  during  its 
conversion  into  Oypsum,  it  bulged  up  into  a  boss  and  bent 
upwards  the  rocki  that  lay  above.*  The  Canadian  Qyp- 
Bums  just  meationed  are  stated  by  Bteny  Hunt  to  occur  m 
dome-shaped  masses  from  one  to  four  hundred  feet  across, 
the  overiying  strata  are  tilted  and  wrap  over  the  surface  of 
the  domes,  while  the  beds  audemeath  are  undisturbed ;  he 
also  says  tiiat  the  ground  risee  in  hillocks  above  the  masses 
of  Gyrieum,  and  mat  houses  are  known  in  some  cases  to 
have  been  gradually  raised  by  the  elevation  of  the  surface, 
and  masses  of  Gypsum  have  afterwards  be^i  found  beneath 
them. I 

Ae  Bnother  possible  source  of  Gypsum,  it  has  been  pointed 
out  that  in  vi^caaic  districts  Sulphuretted  Hydrogen  is 
given  off,  and  by  decomposing  Bibcates  of  Lime  produces 
Gypeum  and  Sulphur. 

The  theory  of  the  metamorphic  origin  of  Oypsum  is, 
howerer,  aa  yet  in  a  very  rudimeataiy  state. .  For  further 
hints  the  reader  may  refer  to  Biachofs  "Chemical  Geology, " 
chap.  xix. ;  Nanmann's  "Geognosie,"  i.  760 ;  Zirkel'a  "  Pe- 
trologie,"  i.  268 — 273;  Murchison,  Quart.  Joum.  Geol. 
8oc.,  V.  172 ;  Coquand,  Bull,  de  la  8oc.  Qeol.  de  la  France, 
Snd  series,  iv.  124  (1849). 

(d)  CarionoMom  Membtrt. 

Qraphite  is  the  only  rock  coming  under  the  head  suffi- 
ciently common  to  be  noticed  here. 

It  consists  of  Carbon  with  about  fire  per  cent,  of  impuri- 
ties, such  as  Silica,  Alumina,  and  Oxide  of  Iron. 

We  have  already  had  occasion  to  notice  Graphite  as  a 
constituent  or  aocessoiy  mineral  in  several  rocfa^.  It  also 
occurs  in  beds  and  lenticular  masses  among  Schists,  Crya- 
talline  Limestone,  Gneiss,  and  other  metamorphic  strata. 
In  general  arrangement  and  microecopio  etructuro  these 

•  Eli«  de  Besumant,  EipUcs-  {Mot  of  the  itatement  coium  from 

tion  de  la.  Cuiu  Oeologiqne  d«  U  tome  ingenioiu  and  kindly  Yfto- 

FniDce,  ii.  69,  BO.  kee,  good  at  a  trtory,  &nd  uuioos 

t  Loo.  cit      It  is  difficult  to  to  give  Br.  Hunt  a  lift. 
itAft  tlie  notion  (hst  the  Utter 
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layers  of  Graphite  correspond  frequentl;  with  Goal  and  ( 
some  bitummons  deposits,  and  there  is  ereir  reason  to  I 
believe  that  in  many  cases  Graphite  is  a  highly  metamor-  I 
phosed  Anthracite.  * 

Jnst  as  thick  masses  of  pure  Limestone  may  be  looked 
op  as  proofs  of  the  existence  of  animal  life  at  the  time  of 
their  formatian,  though  no  fossils  may  now  be  recognisable 
among  them,  the  probabilily  that  Qraphite  vas  originally 
of  vegetable  origin  is  so  great  that  iia  occurrence  makes  it 
extremely  likely  that  vegetable  life  existed  during  the 
period  represented  by  the  rocks  in  which  it  is  met  witi.* 

2nd  C3aas. — Foluted  oa  Sohibtobe  Bocks. 
Hfttnrs  of  Toliatioa. — Foliation,  the  structure  which  is 
the  distinctive  characteristic  of  the  rocks  we  have  next  to 
consider,  is  defined  by  Professor  Sedgwick  f  to  be,  "a  sepa- 
ration of  rock  masses  into  dyetalline  layers  of  different 
mineral  composition  I "  and  by  Mr.  D.  Forbes  J  is  described 
as  a  parallel  structure,  whim  "makes  its  appearance  in 
rook  masses  owing  to  the  arrangement  of  oertam  crystallised 
minerals  in  more  or  less  parallel  lines,  along  which  the 
crystals  lie  on  their  flat  sides  or  lengthways,  i.«.  having 
their  lons^  axes  in  the  direction  of,  and  not  against,  the 
grain  of  uie  rock,"  The  first  thing  we  notice  about  a  foliated 
rock  is  a  flaky  structure  or  a  tendency  to  split  along  planes 
rudely  parallel  to  each  other  into  leaves  (rolia)  or  lamiitee ; 
and  further  that  this  tendency  is  caused  by  the  presence 
of  roughly  parallel  layers  running  through  the  body  of  the 
rock  composed  in  large  measore  of  plates  of  a  single  mineral, 
such  as  Mica.  But  uiese  characters  alone  do  not  constitute 
foliation ;  exactly  eimilar  ones  are  found  in  some  derivative 
rocks,  such  as  micaceous  Sandstone.  The  distinctive  feature 
of  foliated  rocks  consists  in  their  mineral  flakes  being  fryi- 
taUu«d,  whereas  in  those  derivative  rocks  which  have  a 
deceptive  appearance  of  foliation  the  mineral  plates  are 
■worn  by  attrition. 

It  is  the  crystalline  character  of  the  constituent  minerals, 
taken  along  with  other  peculiaritieB  to  be  shortly  noticed, 
which  lea^  us  to  look  on  foliation  as  a  superinduced 
Btruoture. 

*  D>waon,  QnaiL  Jonni.  QaoL  J  Fopolar     Bdsnoe     Banew 

Soc.,  zzvi.  112.  (ISTO),   p.  S29.    Ths  latt  daoM 

t  Paper    alieady   qnoted    on      Beomi  hsrdly  wmoted,  Imcsqm  it 

"    '        iM  th9  smn^meot  of  the  ci^ 

tall  thst  givea  the  rock  its  giaui. 


t  nper    alieady   qnott 
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DeffTCM  of  Foli»tioii. — Foliation  varies  very  much  in 
degree.  Cleaved  Clay  Slate  often  sliowe  an  inoipient  folia- 
tion, the  planes  of  cleavage  being  "  coated  over  with  Chlo- 
rite and  semi-crystalline  matter,  ivhioh  not  only  merely 
define  the  planes  in  question,  but  stride  in  pu^el  flakes 
througji  the  vhole  maas  of  the  rock."* 

Darwin  mentions  a  case  of  what  looks  like  arrested  do- 
T^opement  of  foliation  in  Terra  del  Fuego.  "In  several 
places  I  was  partioularly  struck  with  the  fact,  that  the  fine 
laminra  of  the  day  Slate,  where  cutting  straight  through 
the  bands  of  stratiGcation,  and  therefore  indisputably  true 
cleavage  planes,  differed   slightly  in  their    greyish    and 

Eeenish  tints  of  colour,  in  compactness,  and  in  some  1«inin» 
ving  a  more  iaspery  appearance  than  others."  f  Had 
the  process,  of  woicu  we  see  in  this  instance  the  conunence- 
ment,  been  carried  on,  the  result  would  doubtless  hare 
been  a  foliated  rock,  with  its  flakes  parallel  to  what  are  . 
now  planes  of  deayage. 

From  cases,  such  as  those  just  mentioned,  of  rudimentary 
traces  of  thin  structure  up  to  the  most  complete  crystallisa- 
tion and  parallel  arrangement  of  the  component  minerals, 
all  sorts  of  intermediate  gradations  exist,  and  may  some- 
times be  observed  melting  imperceptibly  into  one  another 
in  the  same  rock  mass,  as  in  the  following  case  observed 
by  Mr.  Darwin  at  the  Gape  of  Good  Hope.  A  mass  of 
Cbanite  has  there  burst  through  Clay  Slate.  "At  the  dis- 
tance of  a  quarter  of  a  mile  from  the  spot  where  the  Granite 
appears  on  the  beach  (though  probably  the  Granite  is  much 
nearer  under  ground)  the  day  Blate  becomes  slightly  more 
compact  and  crystalline.  At  a  less  distance,  some  of  the 
beds  of  Clay  Slate  are  of  a  homogeneous  texture,  and 
obscurely  striped  with  different  aones  of  colour,  whilst 
othwa  are  obscurely  spotted.  Within  a  hundred  yards  of 
the  first  vein  of  Granite  the  Gay  Slate  consists  of  several 
varieties — some  compact  with  a  tinge  of  purple,  others 
'  glistening  with  numerous  minute  sc^es  of  Mica  and  im- 
perfectly CTystallised  Felspar,  some  obscurely  granular, 
others  porphyritic  with  small  elongated  spots  of  a  soft  white 
mineral  Close  to  the  Granite  the  Clay  Slate  is  changed 
into  a  dark-coloured  laminated  rock,  having  a  granular 
fracture,  which  is  due  to  imperfect  crystals  of  Felspar 
coated  by  minute  brilliant  scales  of  Mica."  At  the  actual 
junction  of  the  Granite  and  day  Slate  the  latter  was  at 
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one  spot  "  oouverted  into  a  fine-artuned,  perfectly  diafao- 
tensed  Gfneiss,  composed  of  yellowish  brown  granular 
Felspar,  of  abundant  black  brilliant  Kica,  and  of  few  and 
thin  iHTninm  of'Quattz."*  IHiB  coloured  etripiog,  the 
micaceous  laminee,  and  the  elongated  epota  seem  to  point 
to  an  incipient  foliation,  which  reaches  its  full  development 
in  the  Gneiss  immediately  adjoining  the  Gnmite.f 

Wliftt  d«t«rmiiLet  the  Flaaaa  of  ToU»tioii. — In  some 
cases  it  seems  highly  probable  that  foliation,  even  if  it 
does  not  exactly  follow,  is  dosely  related  to  planee  of 
original  sedimentary  deposition.     This  appears  to  be  the 
case  with  Uie  great  ma«B  of  sohistoee  rocks  that  m^ce  up  the 
northern  highlands  of  Sootland.^      The  same  has  been 
obserred  to  be  the  case  in  Angleeea,§  in  Arran,!!  in  Ire- 
land, 1[  in  Norway,**  and  elsewhere.     Fig.  49,  which  is 
copied  from  Frofessor  Barn- 
say's  Uemoir,  shows  a  osse  in 
point.    He  says,  "The  beds 
consist  of  vety  hard  quartzose 
grits  intermingled  with  schis- 
tose bands,  and  they  seemed 


In  the  sandy  beds  No.  1,  i 
marked  with  dots,  I  saw  no 
separation  of  distinct  layers  of 
different  mineral  subatanoee, 
suoh  as  would  be  called  folia- 
tion in  the  sense  in  which  itia.„     '„*      *      sit 

™«d  b,  Mr.  iw,»,  but  o»ir  K«-  "■i^^^ZV"^ 

a  sort  of  imperfect  separation 

of  material  sometimes  arranged  in  wavy  lines  ;  while  in  the 
schistose  beds  complete  foliation  appears,  with  much  twist- 
ing of  quartzose  and  micaceous  lammee,  each  bed,  however, 
still  retaining  its  identity.  In  No.  2  these  contorted  lamiTim 
follow  the  dfection  of  the  bed,  and  in  Nos.  3,  4,  and  5  they 

*  Oeolo^nl  Obtemtion*  on  Wales   (Xemoin  of   the    Oed. 

Voltwiic  XsUndi,  pp.  14S,  ISO.  Surrey  of  England  snd  Wale*}, 

t  On  the  differont  Rtasee  of  pp.  177—188. 

FoliattoosaedBoRinabaTi,  B»7k1  |  Bunuy,  OeoIoKy  of  Arnn, 

OeoL  Soo.  of  IreUnd,  June,  IS70.  pp.  88  and  89. 

X  UurcbuoDuidaellcie,Qaait.  Y  TTinjh.n^   Bojtl  Oeologkal 

Jonm.  of  ihe  Oeol.  See  of  Lou-  Boo.  of  Irslaod,  Jan.  10th,  18B6. 

don,  ZTU.  171.  **  D.  Forties,  Popnlar  Soienos 

{  Bamiey.lheOedogyofNorUi  Bsriew  (1S70),  p.  236, 
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cross  the  beds,  somewliat  in  ike  direotion  of  the  lines  in  the 
Bandy  beds,  but,  eliminating  the  contortions,  at  slightly 
different  angles  "  (pp.  IBl,  162).  In  considering  this  sec- 
tion we  must  first  suppose  the  foliated  laminee  straightened 
outr  because,  as  we  shall  shortly  see,  their  crumpling  -waa 
probably  produced  subsequently  to  the  foliation.  We  must 
also  bear  in  mind  that  the  thicker  lines  in  the  figure  are 
nnqaestioaably  the  ed^  of  bedding  planes.  In  the  case 
of  No.  2  the  foliation  is  parallel  to  these  bedding  planee, 
and,  therefore,  in  all  likelihood  took  place  over  the  faces 
of  lamince  of  regular  and  even  deposition.  In  the  other 
oases  the  foliation  crosses  the  main  lines  of  bedding,  but  it 
has  a  general  parallelism  to  the  subordinate  layers  into  which 
the  beds  No.  1  are  divided,  and  these  latter  have  a  singular 
resemblance  to  planes  of  current  lamination.  A  suspicion, 
therefore,  crosses  the  mind  that  here  foliation  has  taken 
place,  as  sn^iested  by  Mx.  Sorby,  on  planes  of  current 


The  question  whether  foliation  has  ever  taken  place 
along  bedding  planee,  though  much  may  be  said  in  favour 
of  an  affirmative  answer,  may  perhaps  be  an  open  one ;  but 
the  observations  of  Mr.  Darwin  and  others  have  demon- 
strated beyond  doubt  that  in  many  cases  the  planes  of 
foliation  coincide  with  those  of  cleavage.  Besides  those 
instances  of  incipient  foliation  already  given,  in  which  this 
is  the  case,  Mr.  Darwin  found  in  South  America  immense 
tracts  of  intensely  metamorphosed  Schists,  the  folia  <rf 
which  had  every  (me  of  the  distinguishing  characters  of 
cleavage  laminEc :  their  strike  was  nmfonn  over  large  areas 
and  ^cu^el  to  the  leading  physical  features  of  the  country, 
and  in  all  cases  which  he  saw,  where  masses  of  cleaved 
and  foliated  rocks  alternate  together,  the  cleavage  and 
foliation  were  parallel.  He  sums  up  the  evidence  thus: 
"  Seeing,  then,  that  foliated  Schists  indisputably  are  eome- 
tlmes  produced  by  the  metamorphosis  of  homogeneouB  fissile 
rooks ;  seeing  that  foliation  and  cleavage  are  so  closely 
analogous  in  the  several  above  enumerated  respects ;  seeing 
that  some  fissile  and  almoet  homogeneous  rocks  show  inci- 
pient mineralogical  changes  along  the  planes  of  cleavage, 
and  that  other  rocks  wit£  a  fissile  structure  alternate  with 
and  pass  into  varieties  with  a  fohated  structure ;  I  cannot 
doubt  that  in  most  *  cases  foliation  and  cleavage  are  parts 
■  I  would  mUi  defennae  an^-  OB«a«  when  fooh  an  aocnmnlntion 
geflt  that  foi  "in  mo«t  caiea"  it  of  evidence  it  met  with." 
vonld  be  m&t  to  wy,  "  in  those 
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of  the  same  prooess  :  in  cleavage  there  being:  only  an  ind- 
pient  separation  of  the  constituent  minerals,  in  ioliation  a 
much  more  complete  sepamtion  and  dTBtaUisaition."  *  It 
is  perhaps  Bcorcely  the  case  that  deavage  necessarily 
involves  a  separation  of  the  constituent  minerals,  but  it  u 
certainly  tme  that  if  foliation  begin  in  a  cleaved  rock,  the 
separation  followB  the  planes  of  cleavage.  The  coincidence 
of  the  planes  of  cleavage  and  foliation  is,  therefore,  pro- 
bably accidental,  but  it  le  on  accident  that  will  be  of  veiy 
frequent  occurrence.  In  fact  this  coincidence  is  so  common 
that  it  is  unnecessary  to  multiply  examples  here. 

ArtlfloUI  Frodnotlon  of  01«aTag*Toliation. — Coin- 
cident cleavage  and  foliation  have  been  produced  artificially 
by  Ut.  Sorby  and  Ur.  David  Forbes.  The  first  mixed  a 
quantity  of  scales  of  Oxide  of  Iron  with  I^pe  Clay  so  that 


Fig.  to. — CBtrMFLBn  liiMaa  o, 


they  were  distributed  indiscriminately  through  the  mass. 
After  aubmitting  the  mixture  to  pressure,  the  scales  were 
found  to  have  arranged  themselves  in  rudely  parallel  planes 
perpendicular  to  the  pressure,  along  which  the  mass,  ad- 
mitted of  ready  division  into  thin  plates.  Mr.  Forbes 
exposed  amorphous  Soapstone  to  a  moderate  heat  not  ex- 
ceeding redness  for  some  months,  under  a  pressure  of  from 
seven  to  twelve  pounds  per  square  inch,  and  obtained  an 
a^Tegate  of  finely  developed  crystalline  f  olise  of  a  brilhant 
wiite  or  greenish  colour,  identical  with  Talc ;  in  fact,  a 
Talcose  Schist.      Under  niTni1a.r  circumstances  Clay  Slatos 

•  CkoL  Obserntioiu  in  Booth  America,  pp.  163  and  loquaat, 
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wore  cnnTerted  into  rocks  poseesBiac'  a  beautiful  parallel 

Btractujre,  closely  reaembliag  GueiBS.* 

Cmmplvd  LutiliUB. — In  oig'hly  foliated  F043kB  the  lanuuiB 
are  not  plane,  but  w  inkled  and  contorted,  eometimeB 
enarled  and  crumpled  to  on  Intense  degree.  An  instance  is 
snown  in  Fi^.  SO,  copied  from  one  of  tne  "  Beporte  on  the 
Geology  of  &nada." 

Frofessor  Eamsay  liaa  given  the  following  explanation  of 
this.  Letdi,  ed,  ef,ffh,  *£,  in  Fig.  SI,  be  the  edges  of  planes 
of  bedding,  andthefiner 
'  lines  croesing  these  the 
edges  of  planes  of  cleav- 
age, and  suppose  folia- 
tion to  have  been  pro- 
duced over  the  latter. 
Then  suppose  that  sub- 
sequently the  rock  mass 
suffered  compression  in 
the  direction  of  the  ar- 
rows, so  that  the  beds 
edef,  ghik  become 
squeezed  into  the  thin- 
ner beds  ci//,  j  At*; 
the  planes  of  cleavage- 
foliation  crossing  these 
beds,  having  now  to 
pack  themselves  into 
a  narrower  space,  nuist  become  crumpled  up  into  some 
such  wavy  lines  aa  are  shown  in  the  figure. 

Foliation  is  not  confined  to  the  metamorphio  repre- 
sentatives of  ths  derivative  rocks ;  igneous  rocks,  both  sub- 
aerial  and  deep-seated,  and  volcanic  ashes  and  toSa,  where 
they  have  been  subj  ected  to  the  neceasaiy  conditions,  exhibit 
this  structure.  Thus  a  ribboned  or  banded  Trachyte  would 
be  eminently  suited  for  its  production,  or  an  ash  in  which 
induration  and  cleavage  has  been  brought  about  by  pres- 
sure. 

Foliation  and  Bibbonad  Btmctnra. — Mr.  Scrope  has 
some  very  suggestive  remarks  ("Volcanoes,"  pp.  HO  and 
300)  on  Uie  analt^y  between  foliation  and  the  oanded  and 
ribonned  structure,  already  described,  of  some  trachytio 
lavas.  In  the  case  of  these  rocks  the  unequal  motion  of 
different  pari«  of  a  lava  stream,  as  they  dragged  one  over 
the  other,  has  given  riae  to  a  laminated  structure  in  Uie 
*  SeeiklsoDacbiee,  EtndwinrleM^taiiioipluime,  partiii.  chq>>  IS. 


Fig.  61. 
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cooled  rock  and  a  platy  arranffemeitt  of  Satteaed  cryetala 
through  tlie  mase,  and  he  thinks  that  jufit  the  Bame  result 
may  have  been  produced  in  a  body  of  hised  Granite  forced 
up  under  great  pressure,  and  so  a  foliated  Oueiss  may  have 
resulted.  If  ttie  opinion  of  some  continental  geologist  that 
some  Gneissee  are  eruptive  be  well  founded,  this  explana- 
tion Tould  aecount  for  their  foliation  ;  but  this  cannot  have 
been  the  origin  of  this  Btmcture  in  those  rocks  which  have 
been  produc«d  by  the  metamorphism  of  sedimentary  de- 
poeitB.  Ab  has  been  already  remarked,  however,  the  pre- 
sence of  lamination  would  be  eminently  fevourable  to  the 
production  of  foliation. 

Summary. — ^In  the  present  state  of  our  knowledge  it 
will  perhaps  not  be  sue  to  say  moro  than  this  on  the 
obscure  subject  of  foliation.  That  rooks  have  been  sub- 
iected  to  some  form  of  metamorpMo  action,  which  has  set 
free  their  constituent  minerals  to  more  among  themselves ; 
which  has  dissolved  or  melted  these  mineral,  or  in  some 
way  given  them  the  power  of  assuming  tabular  crystalline 
forma ;  which  perhaps  has  decomposed  them  and  allowed 
of  the  formation  of  new  compounds  out  of  their  elemenla. 
That  the  minerals  resulting  from  this  action  have  separated 
themsdvee  out  from  the  body  of  the  rock,  and  arranged 
themselves  more  or  less  in  distinct  parallel  layers.  Tha,t 
the  process  of  alteration  has  not  been  carried  far  enough 
to  efface  those  great  planes  of  division,  be  they  bedding  or 
daavage  or  any  others,  by  which  the  rock  was  traversed 
vhen  foliation  began.  That  the  segregation  or  separation 
took  place  along  thott  planet  tehioh  offar^  the  Uatt  renitaitea 
to  tin  motion  of  t/ie  eomtittimt  partioUi,  or  to  the  passa^  of 
those  agents  which  aeeiet^d  in  or  produced  the  foliation ; 
BO  that  if  foliation  took  place  in  a  bedded  rook,  before 
cleavage  had  been  produced,  the  iftTninm  would  have  a 
tendency  to  be  parallel  to  the  bedding ;  but  if  cleavage  had 
sealed  up  the  bedding  and  opened  out  another  set  tS  divi- 
sional planes,  it  would  be  p^allel  to  those  that  the  foliage 
would  range;  in  the  same  way,  if  the  rook  contained 
nodules  or  concretions,  the  foliation  would  be  turned  out 
of  its  way  by  these  and  bend  round  them.* 

DMoriptioB  of  Foliated  Books. — After  this  short 
sketch  of  foliation,  we  will  pass  on  to  an  account  of  the 
principal  varieties  of  foliated  rooks. 

■  Sae  Prof.  Banuay,  Osology      vi.  185:  Boytl  Geol.  800.  of  I»- 

of  North  Wales,  2«T.rU.;Kinahui,  tend,  Fel).  8th,  1871,  Jui.  lOlh, 
Dublin,  Quart.  Jaon.  of  Saianooi      19M. 
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An  almost  endless  variety  of  rooks  may  be  classed 
together  as  Schists  from  their  possessing  the  following 
oomnian  chaxa«ter :  they  consist  essentially  of  Quartz,  in 
vhioh  a  foliated  structure  is  produced  by  the  presence  of 
parallel  layers  of  some  other  mineraL  Ctf  the  lype  of  these 
-we  ma;  take  Mica  Schist,  in  which  the  foliation  is  pro- 
duced by  Mica.  Another  body  of  foliated  rocks  group 
themselves  round  Gneiss,  which  ia  a  schistose  mixture  of 
Quartz,  Mica,  and  Felspar,  as  a  typical  centre. 

The  different  members  of  die  two  groups  are  connected 
with  one  another  by  numerous  intennediate  links,  and  by 
the  gradual  introduction  of  Pelspar  into  its  composition 
the  typical  fonn  of  the  first  group  passes  insensibly  into 
that  of  the  second.  Transitions  are  also  observed  from  the 
first  group  into  less  highly  metamorphosed  rocks,  such  as 
Quartzit«  and  Clay  Slate ;  and  from  the  second  into  rocks 
which  we  shall  shortly  see  have  undergone  a  higher  degree 
of  metamorphism,  such  as  Granite. 

Miea  Sehtti. — Quartz  and  Mica  arranged  more  or  less  in 
alternate  layers  ;  the  proportion  of  the  two  minerals  varies 
almost  indefinitely  in  different  instances.  The  Uica  is 
usually  Potash  ^ca,  sometimes  Magnesian  Mica,  some- 
times a  mixture  of  both  ;  it  forms  parallel  scales  or  plates ; 
the  Quartz  occurs  in  the  form  of  grains,  or,  when  it  is 
abundant,  in  large  lenticular  masses. 

ArgiUaeeom  Miea  Sehitt  {PhylliU,  Thonglimmer  Behitfer)  is 
a  rock  intermediate  between  normal  Mica  Schist  and  Clay 
Slate,  into  both  of  which  it  passes  by  insensible  gradations, 
according  as  the  micaceous  element  becomes  pronounced  or 
gradually  disappears.  It  might  be  termed  either  an  im- 
perfect Mica  Schist  or  a  foliated  Clay  Slate. 

ChiattoliU  Schiit. — ArgUlaceous  Mica  Schist  witb  crystals 
of  Chiaatelite  disseminated  through  it.  It  is  generally 
found  where  Clay  Slate  abute  on  igneous  rocks,  and  has 
been  produced  by  the  metamorphising  action  of  the  latter  on 
the  former.  There  is  a  most  instructive  paper  by  Professor 
Fuchs  describing  the  gradual  growth  by  metamorphism 
of  this  rock  in  the  Pyrenees,  in  Leonhard's  "  Jahrbuch," 
1872,  p.  878,  an  abstract  of  which  ia  given  in  Chap.  VHI. 

The  presence  of  an  allied  mineral,  StauroUte,  gives  rise 
te  StauTolitt  Sehitt ;  the  reader  will  do  well  to  consult  and 
compare  with  the  paper  just  quoted  one  on  the  formation 
of  this  rock  in  the  Otological  Magmine,  vol.  x.  p.  102. 

TaU  Schiit  and  Chlorite  Sehitt.— Ji  the  Mica  in  Mica 
Schist  were  mixed  with  gr  replaced  by  Talc  or  Chlorite  we 
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ehould  have  these  rocks.  TJader  their  typical  form  they 
are  uaually  poor  in  Silica ;  sometimes  they  contain 
Felspar,  and  thereby  pa«s  into  Protogine  or  Talcose  Gneiea. 

Some  Talcose  Schists  have  been  obseired  to  pass 
laterally  into  volcanic  ash,  and  are  tlierefore  probably  the 
residt  of  the  metamorphism  of  such  rocks.* 

Calcartoiu  Mioa  Schitt, — Alternate  layers  of  Mica  Schist 
and  CarlK»iat«  of  Lime.  It  differs  &om  the  micaceous 
ciystalline  Limestones  already  mentioned  in  the  presence 
of  Quaitz. 

Q»arti  Sekitt. — When  the  guartzose  element  in  Mica 
Schist  becomes  vei;  large,  we  obtain  this  rock,  which 
consists  of  compact,  imperfectly  foliated  trhito  Quartz, 
foliated  by  thin  parallel  layers  of  Kica  scales.  If  the  Mioa 
disappear,  it  passes  into  Q,uartzite. 

Iiupatki«  Miett  Sek*it.—&omo  Mica  Schists  contain  Fel- 
spar, and  form  a  transition  between  the  normal  type  of  that 
Kick  and  Oneisa. 

The  presence  of  accidental  minerals  gives  rise  to  numerous 
varieties  of  Uie  Schists  just  mentionenl,  which  we  cannot 
describe  here. 

That  Mica  Schist  is  in  certain  cases  a  metamorphic  rock 
is  clearly  proved  by  ita  intercalation  with  rocks  so  little 
altered  that  their  derivatiTe  character  can  still  be  recog- 
nised. Thus  in  the  Alps  beds  of  sandy  calcareous  oom|)o- 
sition  containing  fossils  are  interstratified  with  Mica  Schist. 
Some  Mica  Sciiieta  can  scarcely  be  distinguished  from 
fissile  micaceous  Sandsto&es,  and  a  very  moderate  degree 
of  metamorphism  would  be  required  to  convert  the  one 
into  the  other,  the  foliation  coinciding  with  the  original 
lamination,  la  other  cases  Mica  Scmist  has  been  pro* 
duced  by  the  metamorphism  of  Sandstones  not  necess^ily 
laminated,  or  sandy  Snales,  the  foliation  being  a  super* 
induced  structure,  and  the  variety  depending  on  the  jpro- 
portioBS  of  silioeouB  and  argillaceous  elements  m  the  origmal 
rock. 

In  some  varieties  of  Schists  the  foliation  is  produced  by 
metallic  ores,  such  as  micaceous  Sesquioxide  of  Iron,  Zinc- 
blende,  Iron  or  Cc^per  Invitee,  Cobalt  Ore,  &c. 

Gneiti. — A  schistose  aggregate  of  Felspar,  Quartz,  and 
Mica.  The  Felspar  is  in  crystalline  grains,  the  Quartz  in 
erains  or  small  lenticular  discs,  and  through  the  mixture 
ronned  of  these  two  minerals  there  run  parallel  layers  or 
leaves  of  Mica,  giving  the  rock  a  foliated  structure. 
■  Bamuy,  Qealo^  ot  Noitb  Walii,  p.  IS. 
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The  Felspar  is  nsnoll;  Orthoclase,  but  Oligoclafie  often 
occurs  as  well ;  th.e  Mica  is  mostlf  a  Potasli  Mica,  lome- 
tunea  a  Magneeian  Mica. 

Tto  otlier  minerala,  Hornblende  and  Talc,  oconr  fre- 
quently as  acoessories,  and  sometimes  in  such  abundance 
as  to  givB  rise  to  the  two  following  varieties  of  the  rock : — 

SomhUndie  Gneiu,  in  which  the  Mica  is  in  part  or  whollv 
replaced  b;  Hornblende.  When  Hornblende  is  so  abimd- 
ant  as  to  form  the  greater  part  of  the  rock,  it  is  spoken 
of  as  Sbmblmdt  SeAiit :  this  form  sometimee  loaee  its 
schistose  character,  when  it  is  known  as  Sbnbltndt  Rod. 

Protogint,  or  Taicott  Gneiu,  oonsista  of  Orthoclase,  Oligo- 
clase,  Quartz,  Uica,  axA  a  Talcose  mineral ;  it  is  sometimes 

rken  of  as  a  variety  of  Granite,  but  the  descriptionB  given 
it  seem  to  show  that  it  has  always  more  or  leas  of  a 
schistose  structure,  and  that  it  is  a  truly  oketamorphic 
rock. 

OrapAitie  Gneisi  is  a  variety  in  which  the  Mica  is  wholly 
or  in  part  replaced  by  Graphite.  As  the  latter  mineral 
is  probably  ca  vegetable  origin,  this  rock  has  most  likely 
arisen  from  the  metamorphism  of  sedimentary  deposits 
containing  carboua^ieous  matter.* 

GframUttt  is  a  variety  of  Gneiss  containing  litUe  Mica, 
with  small  garnets  disseminated  throng  it.  The  descrip- 
tions of  this  rock  given  by  differ^it  petrologists  aie  some- 
what conflicting. 

We  have  mentioned  that  some  Mica  Schists  contain  Fel- 
spar, and  BO  show  a  gradual  transition  from  the  normal 
fonn  of  that  rock  into  Gneiss.  The  latter  is  also  found 
interbedded  with  varioos  schistose  rocks.  This  intimate 
coimection  between  Gneiss  and  the  Schists  leads  us  to  look 
upon  the  former  as  having  arisen  from  the  more  intense 
metamorphism  of  some  of  me  highly  siliceous  members  of 
the  same  class  of  rocks  as  gave  rise  to  Hie  latter.  This 
conclusion  is  confirmed  by  the  position  which  Gneiss  so 
frequently  occupies  among  metamorphic  rocks.  In  the 
two  examples  of  metamorphic  districts  given  at  the  begin- 
ning of  Uiis  chapter,  and  in  numerous  other  cases,  we 
have  a  central  mass  of  some  highly  crystalline  amorphous 
rock,  such  as  Granite,  surrounding  this  a  belt  of  Gtneiss, 
and  outside  that  a  belt  <tf  Schist,  which  gradually  shades 
off  into  less  and  less  altered  beds.  The  Granite  we  have 
seen  is  either  the  cause  or  the  extreme  form  of  the  meta- 
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morj^iism,  and  the  order  in  ^hicli  the  Borrounding  belts  of 
rock  ooooT  may  well  represent  the  degree  of  alteratioit 
they  have  nnde^^e,  the  amount  of  ch^ge  deoreasing  as 
we  recede  from  the  centre  when  it  attained  iie  mft'riTniiTn 
Sometimea  the  passage  from  foliated  Qneiss,  through  a 
Bort  of  foliated  Qranite  <a  Granitio  Gneise,  into  amoiphous 
Graitite,  is  bo  gradual  that  it  is  impossible  to  say  where 
one  ends  and  the  other  begins. 

Burlj  Tb»mA»M  ftbont  CxystaUiiia  SeUsta. — In  the 
eaily  daya  of  geological  speculatiou,  the  crystalline  Schiata 
vere  not  supposed  to  owe  their  peculiarities  of  struotare  to 
metamorpluKu,  but  were  imagined  to  have  been  formed  all 
of  them  at  the  same  time,  and  pretty  much  as  we  see  them 
now,  during  a  veiy  early  period  of  the  woild'e  history, 
-when  conditions  obtained  very  different  from  any  that  now 
exist.  The  oonatituentA  of  meee  rocka  were  supposed  to 
have  been  held  in  solution  in  an  ocean  of  boiling  water, 
and  to  have  been  precipitated  as  it  cooled.  A  lurking 
fondness  for  this  hypothesis  seems  still  to  linger  in  the 
minds  of  some  emmeut  geol(^;iBt6.  While  they  are 
driven  by  the  overwhelming  nature  of  the  evidence  to 
admit  that  there  are  many  cases  of  schistose  rocks  which 
are  metamorphosed  sedimentary  deposits,  and  that  the 
process  which  gave  rise  to  them  has  operated  at  many 
aiSerent  times,  they  still  think  it  possible,  or  even  likely, 
that  in  some  of  those  cases,  where  there  is  a  very  large 
thickness  and  extent  of  dystalline  Schists,  where  no 
proofs  of  mechanical  origin  can  be  detected  in  them,  and 
wh^e  indications  of  the  existence  of  life  at  the  time  of 
their  formation,  eitlier  in  the  shape  of  fossils  or  Limestones, 
are  wan^g,  we  may  have  rocks  which  owe  th^  crystal- 
line structure,  wholly  or  in  part,  to  chemical  precipitation 
from  an  ocean,  the  like  of  which  can  have  existed  only 
during  the  passage  of  the  earth  from  some  preexisting 
stat«  to  lie  present  condition. 

We  shall  see  presently  that  in  all  likelihood  the 
earth  has  passed  t&ou^h  some  such  stc^  as  this  hypo- 
thesis requires,  and  it  may  be  that  during  such  a  penod 
rocks  analogous  to  the  crystalline  Schists  were  produced; 
though,  as  we  have  no  experience  to  guide  us,  we  can  do 
no  more  than  form  vague  conjectures  as  to  what  would 
happen  under  ouch  conditions;  but,  assuming  that  such 
was  the  case,  there  seems  no  necessity  for  the  opinion  that 
any  of  the  rocks  of  this  dass  now  in  existence  date  from 
BO  remote  a  period. 
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Wheal  we  have  two  maseea  of  Gmeiao  differing  from  one 
anotlier  in  uo  eeseutial  respect  whatever,  and  wlieu  we 
know  that  one  has  been  produced  by  metamorphiBm,  it 
certainly  aeema  more  reasonable  to  believe  that  the  other 
was  produced  in  the  same  way,  till  some  good  ground  can 
be  shown  to  the  contrary,  than  to  go  out  of  one's  way  to 
invent  some  other  purely  imaginary  method  by  which  it 
might  have  been  formed.  Beasoning  from  analogy  is  not 
necessarily  conoluaiTe,  but  it  is  safer  than  reasoning  based 
on  dreamy  conjecture. 

The  most  telling  point  against  such  hypotheses,  however, 
is  the  fact  that  the  oldest  rocks  we  know,  the  Laurentian 
formation  of  Canada,  are  crystalline  Schists,  which  are 
conclusively  proved  to  be  metamorphic  by  the  traces  they 
still  present  of  mechanical  origin  and  by  the  presence  in 
them  of  what  are  almost  certainly  fossils.  There  may  be 
rocks  older  than  these,  but  the  burden  of  proof  rests  with 
those  who  assert  this  to  be  the  case,  and  proofs  have  not 
yet  been  forthcoming. 

8rd  Claas. — Auobphotts  CaYSTAujinB  Eocks. 

We  have  already  explained  the  differences  of  opinion 
as  to  the  origin  <d  many  of  the  rocks  included  in  this 
class,  and  have  pointed  out  that  it  is  only  lately  that 
some  geologists  have  begun  to  realise  that  its  members 
may  be  only  intensely  altered  portions  of  the  strata  among 
which  they  occur.  Among  the  rocks  which  come  under 
this  head,  some  Granites  occupy  a  prominent  place ;  and 
the  reasons  for  holding  the  above  opinion  will  be  more 
thoroughly  brou^t  out  when  we  come  to  treat  of  that  rock 
and  its  aUies.  We  will  here  give  a  few  instances  where 
there  seem  good  grounds  for  believing  that  large  masses 
of  amorphous  crystalline  rock  owe  their  present  form  to 
intense  metamorpbism. 

In  the  district  of  Carrick,  in  Ayrshire,  there  occurs  in 
the  midst  of  a  country,  composed  mainly  of  bard  Felspathlo 
Sandstones  with  occasional  beds  of  Lunestone,  a  tract  of 
Tocka  BO  exactly  like  intrusive  igneous  rocks  in  look  and 
composition  and  general  character,  that  they  were  for  long 
referred  without  hesitation  to  that  class.  A  careful  exami- 
nation, however,  has  shown  that  they  have  been  produced 
by  the  metamorphism  of  the  surrounding  strata.  Mr. 
James  Goikie  has  traced  a  gradual  passage  from  unaltered 
Sandstones,  through  forms  in  which  an  amygdaloidal  tex- 
ture begins  to  be  developed,  .up  to  porphyritio  and  doeely 
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grained  Felstonee,  which,  judged  by  look  and  mineral 
charaoter  alone,  could  not  be  dietinguished  from  iotrusive 
members  of  the  Felspatliic  class  of  Crystalline  rocks ;  and 
he  has  eren  detected  here  and  there,  in  the  veiy  heart  of 
these  apparently  intrasive  trade,  areas  of  unaltered  rock 
graduafly  shading  o3  into  the  Crystalline  rocks  vhich 
sarround  them.  In  other  cases  the  same  process,  acting 
probably  on  beds  richer  in  Magnesia,  has  given  rise  to 
Dioritio  rocks  which  approach  quite  as  do^y  intrusiTe 
rocks  of  basic  composition.* 

We  meet  with  rocka  which  most  likely  come  under  the 
present  class  in  Ghamwood  Forest  in  LeiceBtershu-e.  This 
tract  consists  of  Clay  Slate  with  associated  masses  of  Sye- 
nites, Felstones,  and  Greenstones.  Hand  specimens  of  the 
three  last  cannot  be  distinguished  from  samples  of  intrusiTe 
rocks  of  the  same  composition ;  but  it  is  quite  certain 
that  in  the  present  case  these  Crystalline  nx^  have  not 
burst  through  the  beds  which  surround  them,  but  have 
been  produced  by  intense  alt«ration  of  the  latter,  because 
they  pass  by  such  insensible  gradations  into  the  unaltered 
strata  in  tiieir  neighbouriiood,  that  it  is  often  impossible  to 
trace  a  boundary  between  the  unchanged  and  the  intensely 
Crystalline  rocka,  and  in  some  parte  it  is  possible  to  observe 
"every  degree  of  gradation,  from  a  common  unaltered 
slaty  charaoter  to  rocks  that  seem  to  be,  in  hand  specimens, 
igneous,  but,  on  a  large  scale  on  the  ^und,  show  traces 
of  stratification  and  other  signs  proving  them  to  be  of 
sedimentary  origin,  but  so  much  altered  that  they  have 
been  partly,  and  in  some  cases  entirely,  fused,  and  ihut 
jjttit  into  to  ealled  igntotu  roekt  of  the  deep-seated  kinds.  In 
Ghamwood  Forest  it  would  be  easy  to  oolleet  a  suite  of 
specimens  showing  a  perfect  passage  from  stratified  into 
igneous  rock8."t  On  the  same  bead  another  observer 
remarks  :  "  The  general  character  of  the  rock  is  such  as  to 
convey  irresistibly  the  impression  that  it  is  nothing  else 
but  the  Clay  Slate  itself,  heated  to  the  melting  point,  and 
then  crystallised  by  cooling.  It  would  seem  that  a  series 
of  beds  of  Clay,  more  or  less  pure,  were  first  consolidated 
into  elates,  and  then  subjected,  in  tilu,  to  intense  heat 
under  pressure."} 

*  Quart.  Jonra.  0«ol.  Soe.  of  the  Mmaum  of  Pnctieal  Qtalogj, 

IjOndoQ,  uii.  S18.  Srd  ed.  p.  IS. 

t  Ranuay,  Deunptive    Cato-  t  OaUines  of  the  Qeologj  of 

logne  of  tlie  Bock  opaciment  in  Leiceibmhire,  Ber.  W.  H.  Oole- 
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A  veiy  striking  inslaiice  of  a  sedimentaiy  rock  vhic^ 
lias  beea  so  far  altered  8.8  to  be  indistinguiah&ble  from  one 
of  JntniBive  origin  ia  fumished  by  the  deposit  called  Por- 
phyritio  ClayBtone  Cougl(Knerate  by  Mr.  Darwin,  vbich 
occurs  in  Fatagtmia  ana  oovere  la^  areas  in  Ohili.  Of 
this  be  eajB:  "Tbe  fonnatitHi,  whioh  I  call  Forphyritio 
Conglomerate,  is  the  most  important  and  most  deyeloped 
in  Guili.  From  a  great  number  of  Bectiona  I  find  it  to  be 
a  true  coarse  Oou^omerate  or  Breccia,  vHoh  passes  by 
ereiy  step,  in  alow  gradations,  into  a  fine  ClayBtone  For- 
phyry ;  Uie  pebbles  and  cement  becoming  porphyritic,  till 
at  last  all  is  blended  in  oneoompaot  rock.  The  Forphyriea 
are  exceedingly  abundant  in  *"'■  chain,  and  I  feel  sure 
that  at  least  four-fifths  of  them  hare  been  thus  produced 
from  sedimentary  beds  m  *itu.  There  are  also  Foiphyriee, 
which  have  been  injected  from  below  among  the  strata, 
and  otheiB  ejected,  which  have  fiowed  in  streams ;  and  I 
oould  show  specimens  of  this  rook,  produced  by  these  three 
methods,  which  cannot  be  distinguished."* 

A  very  instructiTe  rock  in  connection  with  the  present 
subject  is  Maliffiinia  or  FaltiUe  SMit.  It  is  in  character 
intennediate  between  Felstone  and  Gneiss,  is  foliated  or 
unerenly  laminated,  and  sometimes  contains  an  admixture 
of  Oblorite  and  occasionally  some  Mica.  It  oocuia  in 
Sweden  interbedded  with  Qneisa  and  Qranulite,  into  which 
it  passes  insensibly.  It  is  therefore  metamoiphie,  and  in 
all  probability  is  ^e  result  of  the  alteration  of  beds  more 
early  metamorphosed  than  the  surrounding  strata  ;  eo  that 
while  they  have  been  altered  only  so  far  as  to  beocone 
Gneiss,  it  hae  had  a  narrow  escape  of  being  fused  alto- 
Kether  and  converted  into  something  indistinguishable 
hvm  an  eruptive  Felstone. 

A  case  has  been  already  mentioned  in  North  "Walea 
(p.  271)  of  a  Crystalline  rock  indistinguishable  in  many 
respects  from  an  igneous  intrusion,  which  on  tbe  ground 
presents  eveij  appearance  of  having  been  formed  by 
metamorphism  out  of  mechanical  deposits.  Similar  ex- 
amples bocur  in  the  Vosges.t  and  indeed  it  would  not  be 
difficult  to  assemble  a  cloud  of  witnesses  for  larger  than 
we  can  find  room  for  here. 

■  Iisttsr  from  Mr.  Dvwin  to  detaUs,  ne  Oeological  Obsami- 

ProfflMor  Hendow,  Dec,    1835.  tiom  on  Sonth  America,  pp.  118, 

Printed  for  private  diabibatioa  119,  les. 

among  the  memben  of  the  Cam-  t  Daabne,  Annalei  del  UiiMS, 

Iridge  PhUoaopIiical  Society.  For  voL  zzri. 
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■arptntltt*  is  a  rock  whioli  may  be  ooiiTeiueiitly  described 
here,  because  there  are  varieties  of  it  belonging  to  all  three 
of  the  classeB  into  which  we  hare  divided  me  metamotphic 
rockB.  It  oimsbts  essentially  of  Silicato  of  l£^;neeia  with 
from  12  to  21  per  cent,  of  water.  Oxide  of  Iron  very 
&equ^iUy  enters  into  its  oomposition,  and  the  presence 
of  other  imporitiee  girea  rise  to  numeroas  varieties.  It  ii 
eoft  but  tough,  with  a  soap;  unctuous  feel,  often  of  a  dull  ^ 
green  colour,  but  Bometunes  beaudfullj  mottled  red,  green,- 
and  purple,  with  veins  of  whito  Soapstone  or  Asbestos. 

Serpentine  ocouri  under  vsrioas  forms.  It  is  sometimec 
distinctly  bedded  and  intercalated  among  strata  of  drstal- 
line  Sdusts.  Thus  in  the  Laurentian  gneisslo  rocks  of 
Canada  it  is  met  with  in  bedded  masses  of  great  purity ; 
it  occurs  also  associated  with  Limestone  or  Dmomito,  some- 
timee  in  graine  atnm^ied  in  bands  parallel  to  the  stratihca- 
tion,  and  aometimee  m  veins  traversing  the  rock.*  In  the 
same  country  a  great  thickness  of  bedded  Serpentine  also 
occurs  in  the  Quebec  Qroup  of  rocks  ;t  and  Serpentine  has 
also  been  found  interbedded  in  thin  layers  with  stratified 
Diorites  at  St.  Stophen'a.^ 

In  the  metamorphio  district  of  Ayrshire,  mentioned  a  few 
pages  back.  Serpentines  are  found  along  with  and  passing 
mto  metamor^c  IHorites,  and  sometimes  closely  connected 
with  unaltered  lomestonee. 

The  very  frequent  association  of  Serpentine  with  Dolo- 
mitio  Limestones  makes  it  probable  that  it  has  in  many 
oases  been  produced  by  the  alteration  of  that  class  of  rocks, 
and  that  the  process  wfaidi  turned  Limestone  into  Dolomite 
would,  if  carried  a  sta^  further,  give  rise  to  a  calcareous 
Serpentine  or  Ophicalato,  and  then  to  Serpentine  proper. 

Where  Serpentine  and  metamorphio  Diorites  occur  toge- 
ther, they  may  have  both  arisen  from  the  alteratioii  of 
roo^  rich  in  Magnesia. 

Serpentine  is  dso  found  with  a  laminated  structure,  and 
when  the  surfaces  of  the  Imninuft  are  covered  by  plates  of 
Uica  or  Chlorito  it  becomes  a  foliated  rock.  SucQ  a  rook 
passes  into  Talooee  Schist,  and  is  perhaps  only  a  meta- 
morphosed form  of  the  latter. 

Serpentine  also  occura  in  amorphous  massea  often  of 
large  size,  and  in  veins  traversing  other  rooks.  In  some 
of  these  boesee  indistinct  wavy  lines,  parallel  to  the  bedding 

*  SeeBapOTtofFiogreaiof  the  t  Ibid.,  p.  26«. 

0«ol.  SnTToy  of  Ouuda  (1883},  j  Ibid.  (1S70, 1S71),  p.  33. 

pp.  171.  SSI. 


fbyGoOgIc  


296  GEOLOGT. 

or  foliation  of  tLe  sarroundiag  rocks,  may  sdll  be  traced, 
coDveyin^  the  impreeeioQ  ttiat  Uiej  are  metamorphic 
masses  ;*  in  other  cases  no  etnicture  can  be  perceived,  but 
even  here  analog;  leads  us  to  iiil»  a  metamorphic  origin 
for  the  rock. 

Veins  of  Serpentine  may  have  been  produced  by  that 
extreme  form  of  metamorphism  which  had  caused  its  pro- 
dude  to  behave  eruptively;  it  is' more  likely,  however, 
that  they  are  altered  veins  c^  some  intrusive  Baaio  rock. 

The  process  by  which  the  rocks  mentioned,  and  probably 
many  others,  have  been  converted  into  Serpentine,  is 
b^Jieved  by  many  geologists  to  have  beea  a  species  of 
pseudomorphism ;  the  original  minerals  of  the  rock  being 
gradually  replaced  by  Hydrated  Silicate  of  Magnesia.! 

SECnOK  nL— CAUSES  OF  METAHOBFHISH. 

The  principal  phenomena  and  products  of  metamorphism 
having  been  now  described,  it  remains  to  inquire  whether 
we  can  offer  any  reasonable  explanation  of  Uie  means  by 
which  it  has  been  brought  about. 

Local  KettuoorphuBi  hy  IntmsiTv  Ignaou  Booka. 
— It  will  no  doubt  have  already  occurred  to  the  reader,  in 
connection  with  this  part  of  the  subject,  that  we  often  find, 
along  the  margin  of  intrusive  masses  of  igneous  rock,  tha£ 
the  beds  through  which  they  have  forced  their  way  are 
altered  Into  substances  identical  with  some  members  of  the 
metamorphic  class.  Sandstones  are  baked  into  Quartzitea, 
limestones  put  on  a  crystalline  texture,  and  Shales  are 
converted  into  Lydian  Stone  or  Forcellanite.  The  alteration 
does  not  extend  usually  to  any  groat  distance,  and  this  sort 
of  metamorphism  is  therefore  spoken  of  aa  local  (meta- 
morphisme  accideutol,  do  juxtaposition,  de  la  rocheencaia- 
sante)  to  difitinguieh  it  from  the  widespread  metamonihism 
(metamorphisme  normal,  g^nSral,  regional)  which  has 
extended  its  influence  over  large  areas. 

Heat  one  Agent. — It  is  dear  that  in  such  cases  the 
heat  of  the  molten  intrusive  rock  has  had  an  important 
share  in  effecting  the  change.  We  are  also  led  to  look  upon 
heat  as  one  of  tne  agencies  that  aided  in  producing  meta- 
morphism, on  account  of  the  striking  analogies  that  Meta- 
morphic rocks  offer  to  rocks  which  we  know  were  produced 
by  Igneous  fusion,  in  the  chantcter  of  their  crystalline 

•  RnmM7  Geol.  of  N.  W&l«i,  t  Buoho^  Cbemical  Cteology 

p.  179.  iL  obap.  zL 
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minerals,  ^ecially  in  the  presenoe  in  them  of  anhydrous 
SiHcatee.  ConBiderations  of  this  nature  lead  us  to  look 
upon  heat  aa  essential  to  the  production  of  metamorphism, 
in  the  sense  in  which  we  have  used  the  word.  And  all  the 
successful  attempts  to  imitate  experimentally  metamorphic 
processee  have  requii^  the  intervention  of  heat. 

Kaat  aloiM  not  mongh. — But  there  are  a  host  of 
reasons  why  heat  alone  would  not  be  sufficient.  It  is  not 
always  tlie  case  that  injections  of  igneous  rocks  produce 
local  metamorphlBm,  as  would  be  tbe  case  if  notlung  but 
heat  were  wanted  for  the  task.  Again,  the  low  conducting 
power  of  rocks  makes  it  difficult  to  understand  how  heat 
could  have  found  its  way  through  the  vast  areas  and 
enormouB  thicknessee  of  rock  that  show  throughout  a 
uniform  degree  of  intense  metamorphism.  Then,  we  often 
find  ciystalline  minerals,  wMch  must  have  been  generated 
subsequently  to  the  formation  of  the  rock  in  which  they 
occur,  in  ro^  the  main  body  of  which  is  very  little  altered 
at  alL  If  these  were  produced  by  heat,  how  is  it  that  the 
heat  has  had  so  little  effect  on  the  rock  surrounding  them  ? 
On  grounds  like  these  we  conclude  that  though  meta- 
morphism cannot  be  produced  without  heat,  something  else 
is  wanted. 

Hflfttad  Tnpoim. — A  study  of  volcanic  phenomena 
Bugvests  as  possible  aids  heated  vapours,  such  as  Sii^hurous, 
Carbonic,  Hydrochloric,  and  Hydrofluoric  adds.  These  we 
know  are  given  off  from  lavas,  and  give  rise  by  chemical 
reaction  to  sundry  dratalline  products. 

Wat«T. — Agents  like  these  have  doubtless  assisted  in 
tile  work  of  metamorphism  ;  but  there  is  one  substance  so 
universally  present  in  all  rocks,  and  so  thoroughly  capable 
of  effecting,  when  in  a  heated  state,  so  many  of  the  changes 
which  observation  shows  to  have  taken  place,  that  we  must 
look  upon  it  as  the  grand  helpmate  of  heat  in  bring^g 
about  metamorphic  chan^.  That  substance  is  water. 
We  have  so  few  opportumtiee  of  becoming  acquainted  with 
the  portion  of  the  earUi  below  the  surface,  that  it  does  not 
readily  ooour  to  us  how  widely  water  mt^  be  diffused 
throughout  tbe  ground  beneath  our  feet,  and  to  what  great 
depths  it  penetrates.  But  a  little  reflection  will  soon  bring 
hcone  to  oar  minds  the  conviction  that  water  must  exist  in 
as  large  qnaiitit;;^  below  as  above  the  surface.  In  all  under- 
ground explorations,  as  the  miner  knows  to  his  cost,  it  is 
met  with ;  and  wherever  a  path  b  open,  it  tends  steadily 
downwards.  ^Frictionandtheaarrowingc^suitablechaimebs 
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cause  a  decrease  in  the  amount  in  many  cases  as  we  descend, 
and  sometimes  the  fortunate  presence  of  a  natural  means 
of  escape  gives  rise  to  what  is  practically  a  dry  mine,  but 
in  all  attempts  to  penetrate  below  the  surface  water  is  the 
one  enemy  which  we  always  have  to  oope  with  to  a  greater 
or  less  degree.  That  it  descends  to  depths  greater  than 
any  ve  have  been  able  to  reach,  ie  rendered  highly  pro- 
bable by  the  existraioe  of  thermal  sitings,  which  in  many 
oases  can  obtain  their  heat  only  by  rising  from  a  very  oon- 
siderable  depth.  The  enormous  quanti^r  of  water  given 
off  during  volcanic  eruptions  also  ahows  that  it  exists  in 
la^^  quantities  at  depths  below  the  sur&ce.  Even  when 
friction  and  other  impediments  counteract  the  effect  of 
gravity  in  diffiising  water,  capillary  attraction  comes  in  to 
entice  it  through  the  minute  pores  and  interstices  of  tlie 
locks,  and  causes  them  to  be  saturated  with  it.  Water 
again  ezista  in  a  state  of  chemical  oombination  in  many 
minerals,  and  is  set  free  when  they  are  decomposed,  as  in 
all  probability  has  happened  during  tlie  process  of  meta- 
morphism. 

60  much  for  the  diffusion  of  water.  We  mnst  next  take 
into  account  the  increase  of  temperature  aa  we  descend  into 
the  earth.  This  subject  belongs  to  a  subsequent  chapter; 
it  will  be  enough  to  state  here  that  as  we  go  below  the 
surface  the  temperature  rises,  and  tbat  the  average  rate  of 
increase  may  be  taken  at  1°  Fahrenheit  for  every  60  feet : 
at  this  rate  we  should,  at  about  a  depth  of  two  miles, 
arrive  at  the  temperature  at  which  water  boils  at  the  level 
of  the  sea.  The  pressure  at  such  a  depth  would  probably 
prevent  water  from  passing  into  a  state  of  vapour,  but  in 
this  intensely  heated  condition,  or  as  superheated  steam, 
it  would  become  a  far  more  powerful  agent  than  at  ordinary 
temperatures,  for  acting  as  a  solvent,  for  promoting  che- 
mical deoomposition,  and  for  softening  and  lUTninmhing 
ihe  ooherenOT  of  the  constituent  minerals  of  rocks. 
'  We  shall  have  to  notice  subsequently  that  tJie  crumpling 
and  crushing  which  the  rocks  have  undergone  is  another 
possible  source  of  heat,  which  may  well  nave  aided  the 
work  of  metamorphism  at  lees  depths  than  that  mentioned. 

Water,  too,  would  not  pass  down  pure ;  in  its  passage  it 
would  take  u^  the  various  minerals  soluble  m  it  with 
which  it  came  in  contact,  and  would  do  this  to  a  lai^^  and 
larger  degree  as  it  became  more  and  more  highly  heated.* 

*  In  connection  witli  thu  see  Steory  Hnnt,  Qnait.  Joam.  QeoL 
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8«e!iiff,  then,  that  water  la  ereTwhere  present,  that  it  is 
BO  well  able  to  promote  and  effect  alteration  in  rocka  beneath 
the  Boifaoe,  and  that  we  know  of  no  other  substance  that 
can  eompare  with  it  in  these  reepecte,  we  are  justified  in 
ooodudin^  that  it  must  play  a  leading  part  in  an;  chans^oB 
that  are  Deing  wrought  among  the  rooks  of  the  ear&'a 
ornst. 

Tressnra  and  Dapth. — Bundiy  oonsiderationB  lead  to 
the  conclusion  that  metamorphism  must  have  gone  on  at 
considerable  depths  below  the  surface. 

A  thick  coating  of  overlying  took  would  be  necessary  to 
check  the  eeoape  of  heat,  and  to  prerent  the  water  and 
other  metsmorphosiiig  agents,  or  some  of  the  constituents 
<^  the  rock,  being  driven  off  in  a  state  of  vapour ;  for 
instance,  in  the  conversion  of  Iiimestone  into  Gryatalline 
Marble,  we  must  have  pressure  to  prevent  the  escape  of 
the  Carbonio  Add.  It  is  quite  dear,  too,  that  the  Crystalline 
Tocka  could  not  have  been  produced  by  heat  alone  at 
atmospheric  pressure,  because,  if  they  are  fused  and  allowed 
to  solidify,  tney  harden  either  into  a  glass  or  a  stony  mass 
totally  different  from  the  original  rock;  and  if  they 
originated  from  the  joint  action  of  heat  and  water,  we  shall 
etiU  require  the  assistance  of  depth  to  raise  the  latter  to 
the  requisite  temperature  and  preasure  to  prevent  it  esca^ 
ing  as  steam,  further,  we  have  the  fact  that  Metamorphio 
rocks  UBoally  show  intense  folding  and  contortion,  and  It 
wiU  be  explained  by-and-by  that,  as  far  as  we  know,  this 
oould  have  been  produced  only  under  the  pressure  due  to  a 
thick  mass  of  rock  atop.  Lastly,  the  suoceesful  attempts 
to  imitate  arttfioially  metamorphio  prooessea  have  all  oalkd 
in  the  assistance  of  pressure.* 

We  must  not  suppoee,  however,  that  metamorphism  will 
necessarily  be  produced  if  a  rook  is  suok  deep  enough  into 
the  earth.  There  are  oases  where  we  can  show  that  rooks 
have  been  piled  one  on  the  top  of  the  other  to  a  thickness  of 
teu  or  twelve  thousand  feet,  and  yet  the  bottom  beds  show 
no  signs  of  what  is  usually  oalled  metamorphism ;  on  the 
other  hand,  we  can  point  to  rocks  which  have  not  had  at 
the  outside  half  the  above  thicknees  of  cover  on  when  th^ 
were  metamorphosed,  and  are  yet  converted  into  crystallise 

■  Prof.   Q«ikie    h*»   tried   to  oonsiilentlile,  it  ma  pro^bljr  not 

determine  the  depth  at  which  the  to  great  u  hu  been  eometiinet 

matamornhimi     of    Uie    Sootch  tnppoMid.     (IVuuactiani   Edin- 

BighUnoi  VH   pndoced;    uid  bnig^  Q*oL  800.,  ii.  2£T-) 
has  ihown,  that,  though  it  mi 
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Scliififa.  "Whan  we  reflect  tow  complei  the  proceBBotmeta- 
morphism  probably  is,  and  how  manj'  caufiea — beat,  vater, 
pressure,  and  may  be  othera  we  do  not  know  of — are 
necessary  for  its  production,  the  seeming  inconaietencies  of 
these  casea  vanish.  We  shall  also  see,  by-and-by,  that  the 
heat  required  was  possibly  not  derived  directly  from  the 
heated  interior,  but  was  a  result  of  crumpling  and  crushing' ; 
the  mechanical  work  necessary  to  produce  Qie  complicated 
puckering  of  the  Uetamorphic  rooks  must  have  been  enor- 
mous, and,  if  this  were  transformed  into  heat,  it  would 
probably  furnish  an  amount  amply  sufficient  for  the  work 
of  alteration.  If  this  be  so,  the  amount  of  metamcffplusm 
ought  to  increase  with  Hie  coutortion,  and  not  necesBarily 
witli  the  depth  to  which  the  rocks  have  been  sunk. 

We  will  now  glance  at  some  <d  the  attempts  to  imitate 
experimentally  the  process  of  metamorphism. 

Expariineiita  of  Danbree. — Among  the  most  instructive 
are  those  of  Uaubree.  He  enclosed  me  subetoncee  to  be 
operated  on  along  with  some  water  in  a  glass  tube,  which 
was  introduced  into  a  strong  iron  cylinder  to  prevent  its 
being  burst  by  the  expansive  force  of  the  steam,  aubiected 
the  whole  to  various  teraperatureH,  and  afterwards  allowed 
it  to  cool  slowly.  Among  the  results  obtained  were  the 
following.  At  a  doll  redlieat  the  action  of  water  alone  on 
the  glass  of  the  tube  gave  rise  to  numerous  well-formed 
oystals  of  Quartz  and  to  a  Zeolitic  Silicato.  Obsidian  was 
converted  into  a  substance  resembling  Trachyte,  which, 
when  powdered  and  examined  under  the  microscope,  had 
all  the  character  of  Sanidine  or  glassy  Orthodase. 

In  another  experiment  the  mineral  waters  of  Flombi^s, 
which  are  rich  in  Silicates  of  Potash  and  Soda,  were  sub- 
stituted for  pure  water.  The  walls  of  the  tube  were  found 
to  be  coated  with  Silica  in  the  form  of  Quartz  crystals  and 
Chalcedony,  which  appeared  to  have  been  derived  from  the 
decomposition  of  the  Alcaline  Silicates  of  the  water.  When 
a  mass  of  pure  Kaolin  was  treated  with  tliese  waters,  it 
was  converted  into  a  solid  substance,  confusedly  crystallised 
in  small  prisms,  which  proved  to  be  a  double  oUicate  of 
Alumina  and  an  Alkali  with  aU  the  characters  of  Felspar ; 
mixed  with  this  was  a  little  crystallised  Quartz.  He  also 
succeeded  in  producing  a  variety  of  Augite  known  aa 
Diopside,  and  a  mineraL  which  there  was  every  reason  to 
believe  was  Mica.  A  point  of  great  importance  brought 
out  by  these  experiments  was  the  small  quantity  of  water 
necessary  for  the  transformations ;  in  some  cases  this  did 
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not  amount  to  a  third  part  b;  weight  of  the  Bubstance 
transformed.* 

K«searolL««  of  Sterxr  Hunt. — Amon^  other  en>eri- 
menteTB,  Dr.  Steny  Hunt  has  pointed  out  how  water  hold- 
ing  in  solution  Alkaline  Carbonatea  and  Silicates  can,  by 
its  action  on  the  heated  strata  of  the  Sands,  Claya,  and 
earth;  Carbonates  of  sedimentary  deposits,  give  rise  to 
the  TariouB  sUiceona  minerala  which  make  up  the  Ciystal- 
line  rocks;  and  he  believes  that  a  temperature  of  212° 
Fahrenheit  would  aufSce  for  the  production  of  Silicates  of 
Lime,  Magneeia,  and  Iron,  and  that  at  480°  the  Felspathie 
and  Micaceous  Silicates  generally  could  be  formed.f 

Obiemitioaa'of  XEr.  Sorby. — The  researches  of  Mr. 
Sorby  have  thrown  great  light  on  the  prooess  of  metamor- 
phism,  and  he  has  shown  by  a  most  ingenious  line  of 
reasoning  that  water  as  well  as  heat  must  have  taken  part 
in  the  formation  of  many  Crystalline  rocks.  It  had  been 
long  known  that  crystab  often  enclose  hollow  spaces,  of 
all  sizes  from  1-10,000  of  an  inch  in  diameter  up  to  some 
few  large  enough  to  be  seen  with  the  naked  eye,  and  that 
these  cavities  contain  liquid ;  sometimes  the  cavities  are 
entirely  filled,  sometimes  there  is  a  bubble  in  them  which 
moves  about  like  that  in  a  spirit-level ;  and  J&i.  Sorby 
showed  that  in  many  oases  the  fluid  is  water.  Now  it  is 
found  by  experiment  that  when  crystals  are  formed  from 
solution  they  contain  cavities  filled  with  the  fluid  from 
which  the  crystals  were  thrown  down ;  that  at  the  time  of 
their  formation  these  oavities  are  ftUl  of  liquid ;  that  as 
long  as  the  crystal  is  kept  at  the  same  temperature  as  that 
at  which  it  was  formed  uie  cavities  remain  full ;  but  that  if 
the  crystal  oool  down  to  a  lower  tempemture,  the  conse- 
quent contraction  of  the  enclosed  fluid  eamtt  a  vaettitg  or 
buibU  to  b»  formed  in  tke  eocitit*.     In  crystals  formed  by 

*  For  details  of  these  axperi-  nu'leUMuDorduiniedeaBocIiea, 
meota  «ee  Annslea  des  MinuB,  6tJi  and  Ann.  des  Minei,  5th  wHea, 
serioa,  zii.  189 ;  Etudea  et  Ex-  xii.  and  xiiL  Vernon  Haroonrt, 
p^riencea  ByDthetiauea  but  le  Report  of  Britiah  Assoc  (1860), 
U^hunorphienie  1  Memoiiea.Aca-  p.  17fi.  Mitacherlich  anr  m  PrO' 
dSmie  dea  Sciencea,  xrii.  (1860) ;  doclion  artiflciella  dea  Min&raux 
Bulletin  See.  Q&il.  de  France,  eryattdlu^a,  Ann.  de  Chimje, 
2nd  aeriea,  zr.  97,  zvi.  fi»8.  Bee  xziT.  2fi8  (1824). 
alao  DoroohCT,  Etndea  sur  le  M6-  t  Quut  Joum.  Goal.  Soo,  of 
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simple  igneous  fusion,  such  as  those  vhich  occur  in  furnace 
bIoks,  there  aie  cavitiea,  bwt  th«y  are  full  of  glati  or  tUmt, 
ana,  when  they  contain  bubbles,  the  bubbles  do  not  move. 

Not  ve  can  by  experiment  imitate  only  very  imperfectly 
the  conditions  under  which  the  minerals  of  the  CiyBtalline 
rocks  were  probably  formed ;  but  from  the  above  facta  we 
may  infer  tnat,  if  a  fused  mass  containing  water  orystalHse 
under  pressure  sufficient  to  prevent  the  escape  of  the  water 
in  the  shape  of  vapour,  some  dystala  migAt  be  deposited 
from  solution  in  tbe  highly  heated  water  and  catch  up 
snudl  portions  of  the  fused  stone,  and  so  oontain  g^ass  or 
stone  cavities ;  other  crystals  might  be  formed  by  crystal- 
lisation of  the  melted  stone  and  catch  up  portions  of  the 
water,  and  so  oontain  £uid  cavitiea. 

Among  the  numerous  instances  wfaidi  Hr.  Sorby  gives 
of  natural  crystals  containing  water  cavities,  we  may  men- 
tion, as  most  nearly  connected  with  the  subject  now  beforo 
us,  the  Quartz  and  Oamet  of  Uica  Schist  and  Qneiss.  He 
shows  how  Fekpathic  Oays  might  be  converted  into  crys- 
taUine  Quartz  and  Mica,  so  as  to  constitute  Mica  Schist, 
by  the  removal  of  part  of  the  aUtaline  bases,  and  argues, 
from  the  presence  of  water  cavities,  that  the  alteration  was 
not  the  effect  of  dry  heat  and  partial  fusion,  but  was  due 
to  highly  heated  water  disseminated  through  the  rock. 
The  fact  that  the  process  took  place  at  a  high  temperature 
is  inferred  from  the  presence  of  bubbles  m  the  cavities ; 
and  by  determining  tue  degree  to  which  the  crystals  must 
he  heated  in  order  to  make  the  liquid  expand  so  as  to  £11 
the  cavity,  he  has  endeavoured  to  fix  wlu.t  that  t^npera- 
ture  actufdly  was.  This  last  step  of  the  problem  cannot 
he  solved  unless  we  know  also  tlie  pressure  under  which 
the  operation  took  plaoe ;  but,  by  making  reasonable 
assumptions  on  this  head,  most  instructive  results  are 
arrived  at.* 

FMndouorphism. — One  other  action  of  peroolating 
water  has  played  doubtless  an  important  part  in  producing 
metamorphic  changes,  namely,  ^niat  is  known  as  paeudo- 
morphic  change.  By  this  one  or  more  of  the  chemical  con- 
stituents of  a  mineral  is  wholly  or  in  part  abstracted,  and 
its  place  taken  by  a  totally  different  substanoe,  frequently 

*  Qoart.  Jonrn.  Oeol.  800.  of  reader  to  eontolt  these  tMantifal 

London,   xiv.   Ifi3 ;    Reporta    ot  memoin  themselTes.    He  should 

BHtiah  AasocUtJon,  18S6,  p.  78,  slto  refer  to  Kr.  T.  A.  Phillip's 

1867,    p.  92.     I   hnpo  the  short  ramnrln  on  the  subject.     Qnert. 

(kettji  above  given  will  le&d  the  Joum.  QeoL  800.,  mi.  S32. 
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without  an;  modification  of  the  original  cryBtalline  form. 
We  have  already  mentioned  Serpentine  as  a  rock  which 
probablT  owes  ita  preeont  composition  to  this  procoM,  and 
It  haa  doubtlees  acted  lai^Iy  in  many  other  cases.  For 
details  on  the  sabject,  the  reader  may  refer  to  Bischof  s 
"  Chemical  Geology." 

Varlatioiu  in  unonitt  of  Kvtauorphinn. — In  con- 
sidering the  action  of  the  Tarious  metamorphosing  agenta 
we  must  reeoUect  that  they  would  act  unequally  on  dif- 
ferent rocks.  Some  rocks  would  conduct  heat  more  readily 
and  be  more  perTioua  to  water  and  Taponrs  than  others ; 
the  final  result  would  also  depend  on  me  original  compo* 
sitioa  of  the  rook  operated  on ;  and  thus  we  can  easily 
understand  how  it  is  that  in  a  mass  of  metamorphio  rocks 
we  find  eome  beds  much  more  altered  than  others  imme- 
diately in  oontact  with  them.  Thus  Professor  Oeilde  tells 
us  that,  among  Ihe  altered  rocks  of  the  southern  uplands 
of  Scotland,  there  appears  to  be  always  a  close  connection 
between  the  nature  and  extent  of  the  metamorphism  and 
the  chemical  oonstitution  of  the  rooks  in  which  it  Is  mani- 
fested. It  is  always  most  dereloped  in  those  strata  into 
whose  composition  Felspar  enters  ss  a  main  ingredient, 
while  on  the  other  hand  in  the  more  quartzose  rocks  little 
or  comparatiTely  little  change  has  taken  place.  (Memoiia 
of  the  Geological  Survey  of  Scotland,  Explanation  of 
sheet  15,  par.  35.)  New  elements  besides  might  well  be 
introduced  by  water  into  the  rocks  through  which  it  finds 
its  way,  and  we  must  therefore  not  be  surprised  if  the 
chemical  composition  of  a  metamorphic  rock  differs  from 
that  of  the  mechanical  deposit  from  which  it  was  derived. 

Subsidiary  Katamorphoaing  AgeuoiM. — The  causes 
mentioned  seem,  as  far  as  our  knowledge  goes,  to  have  been 
the  main  agents  in  the  production  of  metamorphism  ;  but 
in  particular  instances  other  subsidiary  influences  no  doubt 
gave  their  help.  Thus,  for  instance,  Forchhammer  believes 
that  the  presence  of  sea-weeds  has  conduced  lately  to 
bring  about  the  present  condition  of  the  Alum  Slate  of 
Scandinavia.* 

BnmniAry. — Our  present  knowledge  does  not  enable  us, 
and  it  is  doubtful  if  we  ever  shall  be  able,  to  unravel  fully 
the  intricacies  of  the  subtle  process  of  metamorphism  ;  but 
reasoning,  such  as  that  which  nae  been  laid  before  the  reader, 
enables  us  to  form  what  is  probably  a  very  just  notion  of  the 
general  way  in  which  the  result  has  been  brought  about. 
*  Bspoit  of  British  AawKiatioii,  ISU,  p.  7T> 
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Heat  is  an  essential  requisite,  but  the  difficulty  of  account' 
ing  for  the  transmiBBion  of  heat  by  mere  coaduction  through 
such  vast  masses  of  rock  as  have  been  thoroughly  meta- 
morphosed, obliges  us  to  look  for  some  vehicle  which  would 
propagate  it  by  convectioa.  Such  a  vehicle  we  find  in  water. 
The  universal  presence  of  this  substance,  and  its  incessant 
state  of  circulation,  fit  it  admimblj  for  the  task  of  acting 
as  a  diffuaer  of  heat ;  and  at  the  same  time. by  its  power  of 
softening  rocks,  and  by  its  chemical  reaction,  it  aids  mat«- 
rially  in  promoting  rearrangement  of  the  constituent 
minerals,  decomposition  and  the  formation  of  new  com- 
pounds, and  tlie  introduction  of  fresh  elements.  Other 
substances,  in  the  state  either  of  liquid  or  vapour,  may 
have  had  a  share  in  the  process.  Lastly,  we  con  obttdn  the 
requisite  widespread  heat,  and  the  means  of  preventing  the 
escape  of  Trater  and  other  volatile  substances  which  aided  it, 
only  under  the  pressure  of  a  considerable  thickness  of  over- 
lying rock ;  and  on  this  and  other  grounds  we  conclude  that 
metamorphism  went  on  deep  under  ground,  and  that  wa 
see  Metamorphic  rocks  at  the  surface  now  only  because  they 
have  been  uplifted,  and  the  covering  of  rock  under  which 
they  were  once  buried  has  been  removed  by  denudation. 

KatuaorphloBi  no  Vroot  of  Aittlq.nit7> — It  is  a  fact 
which  has  been  long  noticed  that  Metamorphic  rocks  are 
more  plentiful  among  the  older  than  among  the  younger 
members  of  the  rocks  of  the  earth's  crust.  80  generally 
true  is  this,  that  at  one  time  the  fact  of  a  rock  being  a 
crystalline  Schist  was  looked  upon  as  conclusive  proof  of 
great  antiquity. 

Such  an  inference  is,  however,  bv  no  means  sound  and 
good.  We  can  point  to  rocks  of  this  class  which  have  cer- 
tainly been  produced  during  geological  periods  compara- 
tively recent ;  and  there  con  be  no  doubt  that  metamor- 
Ehism  has  always  been  going  on,  and  is  now  in  progress. 
ut  if  we  bear  in  mind  the  position  of  the  metamorphic 
workshop,  we  shall  see  that  the  prevalence  of  metamorphic 
products  among  the  older  rocks  is  only  what  is  to  be  ex- 
pected. The  Metamorphic  rocks  of  recent  date  are,  for  the 
most  part,  hidden  from  sight,  because  denudation  has  not 
yet  had  time  to  strip  off  the  coveting  of  rock  beneath  which 
the  alteration  was  effected.  It  is  only  in  districts  like  the 
Alps,  where  great  upheaval  and  extensive  denudation  has 
gone  <in  in  comparatively  recent  times,  that  we  con  hope  to 
get  a  sight  of  rocks  that  have  been  metamo^hoeed  during 
the  later  portions  <^  the  earth's  lifetime.    Wo  must  also 
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boar  in  mind  th&t  the  older  a  rock  is,  the  g^reater  diance 
will  it  liave  liad  of  having  been  eubjected  to  metamorphic 
influence,  and  this  will  tend  to  make  metamorphio  products 
more  abundaut  in  the  older  than  the  newer  rocks. 

On  the  other  hand,  while  we  are  bound  to  admit  that 
metamorphiain  haa  always  be«ai  going  on,  we  shall  see,  in 
01iapt«T  XI.,  that  there  ia  reason  to  believe  that  at  veiy  re- 
mote periods  its  action  miut  have  been  more  vigoroofi  than 
at  present.  Whether,  however,  any  of  the  Metamorphic 
rocks  formed  during  ttiese  periods  stUl  survive,  is  another 
and  a  vei^  open  question 
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QBANITIO   SOCKS. 

Thongh  tbere  i«  «  gmt  chancteiutio  diflerenee  bstween  tbo 
FIntoDic  and  Volcanic  action!  and  their  produrts.  the  two,  when 
looked  at  lar^yi  are  seen  so  to  icoscalate,  that  it  ia  impoesible  not  to 
telei  Ihem  to  aa  agency  common  to  both. — B.  Uillbt. 

ONE  other  group  of  recta,  namely  Granite  and  its  allies, 
remains  to  De  conaidered.  They  form  the  extreme 
type  of  those  rocks  which  were  fl3X)uped  together  in  the 
last  chapter  under  the  third  aubdivisios  of  metamorphic 
products,  and  they  might  therefore  have  been  treated  of 
along  with  other  members  of  that  class.  We  have  pre- 
ferred to  give  them  a  chapter  to  themselves  for  the  fol£)w- 
ing  reasons.  We  are  anxious  to  put  clearly  before  the 
r^der  the  reasons  which  have  led  geologists  to  believe  in 
the  metamorphic  origin  of  many  of  the  ao-called  Trappeau 
and  Plutonic  rocbs,  and  the  best  way  to  do  thia  seemed  to 
be  to  work  out  the  argument  for  one  special  insttuace.  Now 
no  example  can  be  more  suitable  for  this  purpose  than 
Qranite,  for  it  was  mainly  &om  a  study  of  it  that  the  idea 
that  many  so-called  igneous  rocks  are  only  the  result  of 
extreme  metamorphism  sprang  up  and  gained  etren^h. 

Qranite,  too,  forms  a  connecting  link  between  Derivative 
rocks  on  the  one  hand  and  subaenal  lavas  on  the  other.  It 
can  in  many  cases  be  observed  to  pass  insensibly  into  Qneiss, 
and  this  in  its  turn  to  shade  off  imperceptibly  through 
Schistose  and  other  less  altered  rocks  into  ordinary  derivative 
deposits.  On  the  other  hand  Granite  differs  from  some  sub- 
aerial  lavas  such  as  Trachyte  in  nothing  but  texture ;  and 
there  can  be  little  doubt  that  the  same  melted  mass  which, 
when  it  hardened  at  the  surface,  took  the  form  of  Trachyte, 
would,  if  it  had  aolidilied  under  pressure,  have  assumed 
that  of  Granite. 

But  while  Granite  is  thus  connected  with  both  Derivative 
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and  Volcanic  rocks,  BtaadioK  a«  it  wete  half  way  between 
them,  it  yet  poaseeaes  peculiarities  of  its  own  which  pre- 
vent ua  from  classing  it  with,  either,  and  it  ma;  therefore 
be  very  conveniently  considered  by  itself. 

Differeaoa  bvtwMii  Oranitio  and  TolosAic  Booln. — 
The  deecriptione  already  given  of  the  chemical  and  mineral 
compoeitioii  of  the  Granitic  rocks  show  that  in  these 
respects  they  differ  in  no  essential  particulars  from  some 
Tolcanic  rocks.  We  mentioned,  however,  that  in  texture 
there  was  a  marked  distinction  between  the  two  classes. 
This  distJnctioii  consists  mainly  in  the  following  oircimi- 
stance.  Granitic  rocks  are  without  exception  compact 
throughout;  they  never  show  the  cellular,  slaggy,  and 
cindery  textures  so  characteristic  of  true  Volcanic  rocks. 

This  fact  led  to  the  belief  that  Oranitlo  rocks  had 
hardened  from  the  same  semi-molten  condition  as  lavaa, 
but  that  the  cooling  had  gone  on  under  pressure,  and  it 
was  pointed  out  t£at  the  necessary  pressure  would  be 
obtamed  if  we  supposed  them  to  have  consolidated  at  some 
depth  below  the  surface  instead  of  having  been  poured  out 
in  the  open  air. 

Fetrologioal  Xodes  of  Oociuxeace  of  Ormaiita. — 
When  Grwiite  is  studied  on  a  large  scale  in  the  field  it  is 
found  to  present  itself  lUnder  three  clearly  distinguishable 
forms.  It  is  eometimea  bedded  or  occiirs  interetratified 
with  undoubtedly  bedded  deposits ;  in  other  cases  it 
assumes  the  form  of  an  amorphous  crystalline  mass,  which 
takes  the  place  of  a  portion  of  the  rocks  bv  which  it  is 
surrounded,  and  gradually  melts  away  into  them  along  its 
edges  ;  thirdly,  we  meet  with  Granite  which  is  marked  off 
by  a  hard  line  from  the  adjoining  rocks,  which  sends  veins 
into  them,  and  is  so  related  to  them  in  lie  and  position  that 
there  can  be  no  doubt  that  it  has  burst  through  them 
intrusively  in  a  state  of  fusion. 

The  first  two  forms  may  be  distinguished  as  Ketamor- 
phic,  the  last,  provisionally,*  as  Intrusive  Granite. 

We  will  now  give  a  sketch  of  one  of  the  many  cases  where 
a  perfect  passage  can  be  traced  from  unaltered  sedimentary 
deposits,  tfarouj^  a  group  of  rocks  showing  a  continually 
increasing  d^ree  of  metamorphism,  till  the  series  ends  in 
Qranite ;  and  then  go  on  to  describe  some  instances  of  the 
three  forms  under  which  that  rock  occurs. 

■  AvFutMoUy,  becaun,  u  ve  producU  of  intorise  metamor- 
hare  alnadf  pointed  out,  iutru-  phisin,  nnd  tharefore  in  reality 
(i(e  nek*  are  i-r^bubly  ocdy  the      melamorphiu. 
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Onuilte  of  th«  Fyrenses. — An  excellent  instance  of 
tlie  gradual  a;n)wtb  of  metamoTpliism  terminatmg  in  tlie 
production  of  Oranite  is  found  in  the  Pyrenees,  and  lias 
Deen  moat  carefully  worked  out  by  Professor  Fuehs.* 

In  tliat  mountain  chain  there  are  several  detached  maseee 
of  Granite,  and  around  each  of  these  there  wraps  a  belt  of 
altered  rocks,  the  metamorphism  of  which  begins  at  the 
edge  fartheat  from  the  Granite  in  traces  which  can  be 
detected  only  by  the  most  careful  scrutiny,  and  in  a  general 
vay  increases  as  the  Granite  is  approached.  The  foUowing 
are  the  principal  steps  in  the  gradual  series  of  changes. 

Outside  the  zone  Vhere  metamorphism  first  becomes 
apparent  th^«  is  Clay  Slate,  which  to  the  naked  eye  and 
even  under  a  pocket  lens  seems  perfectly  homogeneous; 
magnified  400  tintee  certain  dark  points,  indistinctly  out- 
lined, make  their  appearance,  and  under  a  power  of  900 
the  rock  resolves  itself  into  an  interlacing  network  of  fine 
ciystala  of  Quartz,  Mica,  Chlorite,  and  a  little  Magnetite. 
Next  to  this  rock  comes  a  Cla^  Slate  in  which  the  dark 
spots  become  more  readily  diBtmguishable,  but  even  here 
tnoy  are  eo  small  that  they  would  not  be  noticed  with  the 
eye  alone,  were  it  not  that  their  dull  colour  contrasts  with 
the  lustrous  brilliancy  of  the  rest  of  the  rook  ;  when  this 
rock  is  highly  magnified,  the  little  spots  are  seen  to  be 
concretions,  and  Quartz  and  Mica  are  clearly  distinguish- 
able in  the  body  of  the  rock.  As  we  get  fiulber  into  the 
metamoqihio  zone  the  small  concretions  increase  in  size, 
and  become  more  distinctly  outlined,  till  the  rock  becomes 
a  true  Nodular  Schist  (Knotenschiefer  or  Fnichtschiefer), 
at  the  same  time  the  Quartz  and  Mica  are  more  distinctly 
developed,  eo  that  the  rock  passes  into  a  form  intermediate 
between  day  Slate  and  Mica  Schist  to  which  it  is  not  pos- 
sible to  assign  a  definite  name.  The  concretions  contmue 
to  increase  in  number  and  size,  till  they  at  last  assume  the 
form  of  dark  prismatic  bodies,  vhich  are  czyatab  of  a 
mineral  known  as  Andalusite. 

As  we  advance  still  further  into  the  heart  of  the  meta- 
morphic  region,  the  rock  assumes  more  and  more  the  fonn 
of  a  mixture  of  Quartz  and  Mica,  and  a  curious  change  is 
noticed  in  the  concretions  and  Andalutite  crystals:  their 
outline  becomes  indistinct.  Mica  makes  its  appearance  in 


)  by  Google 


GRANITE  OF  THE  PTEENEE8.        309 

them,.aiid  at  lost  tliej  fade  Tradnoll j  away  and  are  replaced 
by  th.B  latter  mineral ;  in  fact  they  undergo  the  process  of 
change  known  as  pseudomorphism,  and  MiCa  is  gradually 
substituted  for  Andalusite.  The  rock  thus  passes  into  a 
typical  Mica  Schist.  As  soon  aa  the  change  has  been 
effected  Felspar  begins  to  make  its  appearance,  at  first 
sparingly,  so  that  it  is  no  more  than  an  accidental  con- 
stituent, but  it  becomes  step  by  step  more  plentiful,  till  the 
Mica  Schist  at  last  puts  on  the  fonn  of  a  foliated  compound 
of  Quartz,  Mica,  and  Felspar,  that  is,  passes  into  Oiteisa ; 
and  in  many  cases  it  is  impossible  to  say  ^here  one  rock 
«nde  and  the  other  begins. 

The  earliest  appearances  of  Qneiss  are  finely  grained 
and  poor  in  Quartz,  but  as  we  approach  the  Granite  the 
rock  becomes  coaraer  and  the  Quartz  more  plentiful. 

Lastly  the  Gneiss  loses  by  degrees  its  Sohufose  structure, 
and  |)aase8  by  the  most  imperceptible  gradations  into  true 
Gramte ;  some  of  the  intermediate  varieties,  which  par- 
take in  a  manner  of  the  characters  of  both  rocks,  nave 
been  called  Granitic  Gneiss.* 

Aa  a  rule  the  degree  of  alteration  increases  steadily  aa 
we  approach  the  Granite,  but  this  is  not  universally  the 
case.  Occasionally  beds  actually  in  contact  with  Granite 
are  less  highly  altered  than  others  farther  off.  In  such 
cases  the  amount  of  metamorphism  has  probably  been 
determined  by  something  in  the  original  constitution  of 
the  rock,  which  has  cau^  some  beds  to  be  more  easily 
metamorphosed  than  others. 

Katamorphlo  Oruiita. — We  will  now  give  one  or  two 
instances  of  those  modes  of  occurrence  of  Oxanite  which 
have  been  distinguished  as  metamorpbic 

Wecan,  ashasbeen  said,  distinguishtwoforms  of  this  rook. 
The  first,  where  a  truly  Granitic  rock  has  been  produced, 
still  retaining  traces  of  the  original  bedding :  such  Qranites 
differ  from  Gneiss  only  in  the  absence  or  scanty  appearance 
of  foliation.  In  the  second  form,  the  metamorpbic  influ- 
ences seem  to  have  been  powerful  enough  to  efface  tha 
bedding,  and  the  result  has  been  a  crystalline  amorphous 
mass  which  replaces  a  portion  of  the  rocks  that  surround 
it,  but  shows  no  signs  of  haTing  burst  violently  through 
them.  Hand  specimens  of  such  rocks  could  give  as  no  clue 
to  the  way  in  which  they  arose ;  but  a  study  of  such  masses 

■  There  U  &  b«lt  of  metamnr-  Cumberland  (o  whioh  the  sbove 
phic  rock  around  ths  Gmrilee  of  dMcription  woald  kpplf  olntilt 
mudd»w    and    Cvmck   F«U    in      word  lia  word. 
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in  the  field  proves  them  to  be  encircled  by  belta  <mE  strata, 
each  of  which  ehowe,  aa  we  proceed  outwarde,  a  emaller 
and  BiDuller  decree  of  alteration  till  we  at  laat  reach  rocks 
perfectly  unchanged ;  and  these  belts  are  not  eeparated 
from  one  another  by  hard  lines,  but  each  melts  imperc^ 
tibly  into  the  one  on  each  side  of  it. 

The  rocks  characterizing:  the  first  form  would  seem  to 
hare  been  produced  by  metamorphio  action  exerted  uni- 
formly over  large  areas.  In  moet  of  the  cases  belonging 
to  the  second  form  there  seems  to  have  been  a  centre  where 
_  the  ener^  of  metamorphism  attained  a  marimum,  and 
from  whicui  it  gradually  decreased  in  aU  directions. 

The  distinction  between  the  two  cases  may  be  illustrated 
by  the  following  example.  If  heat  be  supplied  uniformly 
to  the  under  surface  of  a  thick  metal  plate — ^if ,  tor  instance, 
it  form  the  lid  of  a  vessel  of  boiling  water — temperature  of 
the  upper  surface  will  be  the  same  all  over ;  but  if  we 
direct  a  jet  of  flame  against  the  back  of  the  plate,  there 
wiU  be  on  the  front  a  point  of  maximum  heating,  from 
which  the  temperature  will  decrease  all  round. 

Donag^.— One  instance  of  Qranite  which  seems  to  come 
nnder  the  first  head  has  been  already  given  in  the  descrip- 
tion of  the  metamorphio  district  of  Donegal  (p.  264),  where 
true  beds  of  a  rock,  indistinguishable  from  Granite,  occur 
interstratified  with  Mica  Sdiist  and  other  metamorjihic 
rocks,  and  where  these  alternations  of  Qranite  with  other 
rocks  pass  gradually  into  a  large  mass  composed  eiitir«;ly  of 
Granite,  which  possesses  what  may  be  traces  of  an  originally 
bedded  structure. 

BrittMtj. — What  seem  to  be  Granites  of  a  similar 
origin  are  met  with  in  Brittany.  In  that  province  two 
very  distinct  forms  of  Granite  occur.  One  forms  the  flanks 
of  me  bill  ranges.  It  is  finely  grained,  and  contains  inter- 
stratified beds  of  Mica  Sch^t,  Common  Gneiss,  Granitic 
and  Taleose  Gneiss,  into  which  it  passes  so  insensibly  that 
it  is  impossible  to  define  a  boundary  between  the  two.  On 
the  borders  of  the  Granitic  areas  the  Granite  is  flanked  by 
Gneiss,  into  which  it  passes  im[»eroeptibly,  and  the  latter 
shades  off  through  Mica  Schist  into  broad  tracts  of  Clay 
Slate.  Aa  we  approach  the  Qranite,  ctyatals  of  a  mineral 
known  as  StauroUte  begin  to  make  their  appearance,  and 
become  more  plentiful  and  more  perfectly  formed  the  nearer 
we  get  to  that  rock.  All  these  indications  seem  capable  of 
expbnation  only  on  the  supposition  that  the  Granite  is  a 
tniy  bedded  rock,  which  has  assumed  its  present  form 
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through  metamorphic  action.  "Whether  the  result  of  this 
ttctioa  haa  ended  ia  the  production  of  Orauite  or  some  other 
form  of  altered  rock,  would  depend  partly  on  its  intensity  and 
partly  oa  the  compoeition  of  Uie  rock  submitted  to  its  influ- 
ence. Where  ve  get  beds  of  Gtranito  interetratified  with 
other  Tocke,  the  former  were  probably  strata  whose  com- 
position rendered  them  more  susceptible  of  metamorphism 
than  the  latter.  Large  tracts  of  Granite  may  have  arisen 
from  the  alteration  of  a  great  thickness  of  such  rooks,  or 
from  an  intensily  of  metamorphism  suf&taent  to  convert 
into  Qrauite  rocka  of  different  mineral  composition. 

That  the  extent  of  metamorphism  does  actually  depend 
in  some  measure  on  the  compositioD  of  the  rock  operated 
on  is  found  to  be  the  case  in  many  instances,  of  which  the 
following  may  be  taken  as  an  example.  Ia  speakmg  of 
some  metamorphosed  beds  in  the  southern  uplands  of  Scot- 
land, Professor  Geikie  states  that  t^e  character  and  extent 
of  the  metamorphism  have  been  largely  determined  by  the 
original  composition  of  the  rock.  Its  Quartz  grains  have 
suffered  little  or  no  change ;  it  is  the  dark  ar^il^ceous  base 
or  matrix  that  has  undergone  metamorphism.  Hence, 
when  a  coane  quartzose  grit  occurs  it  has  suffered  little 
alteration ;  but  where,  on  me  other  hand,  the  rock  has  been 
formed  out  of  a  fine  sandy  Silt  or  muddy  Sand,  the  meta- 
morphism reaches  its  maximum.  (Uemoirs  of  the  Geo- 
logical Surrey  of  Scotland.  Explanation  of  sheet  3, 
par.  25.) 

The  other  Granite  of  Brittany  is  more  coarsely  grained 
than  the  one  just  described  and  porphyritio.  It  does  not 
show  intercalations  of  other  rocks ;  it  penetrates  and  sends 
veins  into  the  first,  and  contains  fragments  of  Oneiss. 
These  facte  show  that  this  Granite  has  been  forcibly  thrust 
in  among  the  group  of  beds  of  which  the  first  Granite  is  a 
member.  Thia  Granite  forms  the  peaks  and  eununits  of  the 
hill  ranges.* 

Friactlftw. — Of  the  second  form  under  which  Oranite 
occurs,  no  better  instance  can  be  found  than  that  of  Friost- 
law  in  Berwickshire,  t  This  is  a  triangular  mass,  about 
one  square  mile  in  extent,  surrounded  on  all  sides  by  Fel- 
epathio  Sandstones  and  Shales.     The  rock  of  which  it  is 

■  Explication  de  U  Carte  Oeo-  Eait  Lothian   (Hamoin  or   the 

bgiquB  da  la   France,    I.   lS2j  GooIogietJ     Siirvsy      of     Soot- 

Oeol.  Mug.,  x.  p.  102.  lanil),  p.  15.    For  vtoUier  BlinU>r 

t  Play&iT,  IlWrationi.WoTki  tantancA,  *ea  the  Geology  of  Korth 

(1822),   i.  328 ;  The  Oeolot^  of  Berwickihire.  p.  29. 
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compoBed  varies  in  texture  and  grain,  but  ie  for  the  most 
part  a  well-marked  Granite,  made  up  of  Fdapar,  Quartz, 
and  Mica,  with  oocaaonal  Hornblende.  FrofoBsor  A.  Oeikie 
has  described  with  gi-eat  care  a  eection,  which  etorte  about 
a  mile  from  the  hill,  and  showB  a  aeries  of  fi^radual  changes 
in  the  eurrouoding  beds,  which  terminate  in  Giranite. 

He  notes  first  that  the  strata  become  exceedingly  fine- 
grained and  compact,  ringing  with  a.  metallic  sound  when 
struck ;  the  Bandstonee,  however,  still  retain  a  gianular 
texture,  and  the  Shales,  even  when  almost  converted  into 
Jaeper,  atill  show  their  fissile  etructnre  along  a  weathered 
face.  The  next  change  noticed  is  the  appearance  of  a 
number  of  veins,  beds,  or  djkea  of  rock  intotinguishftble 
from  Felfitone.  These  are  not,  as  might  be  eopposed,  intru- 
sive masses,  they  shade  oS  so  imperceptibly  into  theSosd- 
stone  adjoining  them,  that  they  are  evidently  metamor- 
phoeed  portioos  of  the  latter.  One  of  these  cryetalliae  beds 
nas  a  base  of  pink  ciTstalline  Felspar,  with  scattered 
specks  of  block  Mica  and  Hornblende  ;  in  another  case,  a 
bed  of  exceedingly  hard  Sandstone  contains  granules  of 
dark  vitreous  Quartz,  and  is  so  extremely  altered  that  it 
might  readily  pass  for  a  Felstone,  were  it  not  that  its 
bedded  structure  is  still  distinct.  The  cumber  of  these 
crystalline  masses  and  the  intensity  of  the  alteration  con- 
tinues to  increase,  dll  we  at  last  reach  rocks  of  which  it  is 
hard  to  say  whether  they  are  to  be  called  SandsUinee  or 
Felstonee ;  then  follows  a  rock  with  much  of  the  character 
of  a  SandsbMie,  but  which  soon  passes  into  an  undoubted 
salmon-coloured  F^tone  ;  this  becomes  again  more  finely 
crystalline,  until  it  once  more  resembles  Sandettute.  It  is 
here  composed  of  Felspar,  Quartz,  and  Hornblende,  with 
Mica.  To  this  compound  immediately  succeeds  by  a  rapid 
increase  in  the  size  of  the  ciystsls  the  true  Qranite  of 
Prieetlaw. 

This  section  shows  beyond  doubt  that  the  Qranite  occu- 
pies a  centre  from  which  metamOTphic  sotiou  extended  itself 
around  among  the  adjoining  rocks.  The  questioa  arises, 
is  the  Qranite  itself  only  ue  final  step  in  the  aeries  of 
changes  by  which  the  Burroun£iig  beds  have  been  ren- 
dered more  and  more  crystalline ;  or  is  it  a  mass,  intruded 
in  a  molten  state,  from  which  heat  has  spread  outwards, 
and  brought  abont  these  changes  ?  There  is  muc^  against 
the  latter  view.  The  alteration  produced  by  intrusive 
igneous  masses  seldom  extends  so  far  as  in  tiie  present 
case  into  the  adjoining  rocks.  But  what  tells  most  strongly 
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against  ths  second  explanatioii  is  the  almoet  inaenBible 
gredatJona  by  which  the  passa^  is  effected  from  slightly 
altered  Sandstones  and  Shales  into  Granite. 

An  intrusive  mass  would  probably  produce  some  altora- 
tion  of  the  suirounding'  rocks ;  hut  tbxxe  would  still  be  a 
line  of  demaroatioa  between  Uie  irruptive  and  the  altered 
rocks  unless  the  latt«r  had  been  oonverted  along  its  inner 
margin  into  a  substance  exactly  identical  with  uie  former. 
This  is  not  a  thing  very  likely  to  happen,  but  it  is  only  in 
this  way  that  the  gradual  meitiiig  away  of  the  more  highly 
crystalline  into  the  less  altered  rocks  could  be  made  as 
perfect  as  it  is  in  the  present  instance. 

A  case  like  this,  then,  shows,  that  OraniU  eon  he  produced 
by  the  metamorphiam  of  roekt  in  littt,  for  some  at  least  of  the 
Friesttaw  Granite  must  have  originated  in  this  way.  Thvs 
much  we  must  admit ;  and  if  we  admit  this,  there  Is  no 

Cund  for  refusing  to  believe  that  the  whole  could  have 
n  formed  in  the  same  manner. 
Soatli-ireBt  of  BooUand. — Mr.  J.  Geikie  has  described 
some  Qranites  in  the  south-west  of  Scotland,  which  seem 
to  have  had  a  similar  orig^  to  that  of  Priestlaw.  The 
mass  of  the  country  is  composed  of  FeUpathic  Sandstones 
interbanded  with  occasional  beds  and  broad  belts  of  Shales 
and  Kudstoaee.  The  former  approach  Granite  in  compo- 
sition more  nearly  than  the  latter,  and  we  might  therefore 
expect  that,  if  a  group  of  altematiaus  of  such  beds  became 
converted  into  Glranite,  the  transformation  would  be  carried 
to  a  larger  extent  in  the  Sandstones  than  in  the  Shales. 
This  is  found  to  be  the  case.  There  are  certain  patches  of 
Granite  to  the  north-east  of  Loch  Boon,  which  make  their 
f^ipearance  in  broad  bands  of  vertical  Felspathic  Sand- 
stones flanked  on  either  side  by  hard  flinty  Shales.  The 
Shales  are  finely  ciystalline  along  their  line  of  junction 
with  the  Granite,  but  the  metamorphism  quickly  ceases  as 
we  recede  from  the  Granite  along  the  ti-end  of  a  belt  of 
6h(de ;  on  the  other  hand,  wheu  we  proceed  along  a  band 
of  the  Sandstone  we  find  alteration  extending  to  a  much 
greater  distance.  Where  the  hard  slaty  ShaLes  impinge 
on  the  Granite,  we  have  no  difficulty  in  laying  our  finger 
upon  the  line  which  separates  one  rock  from  the  other ; 
but  at  the  point  where  the  Granite  and  the  Sandstones  come 
together,  tne  union  of  the  two  rocks  is  so  intimate,  that  we 
have  usually  no  line  of  demarcation,  but,  on  the  contrary, 
a  gradual  passage.* 

*  Godogtcal  Uagadne,  iii.  £19, 


)  by  Google 


314  OEOLOOT. 

The  same  author,  in  deecribing  a  Bunilai  tract  of  Granite 
and  Minette  in  the  same  neighbourhood,  which  he  believea 
owe  theirpresent  form  to  metamorpMc  addon,  says:  "The 
metamorpniBm  of  theee  rooks  has  been  deduced  from  a 
variety  of  oonsideratioas.  The  chemical  composition  of 
the  unaltered  strata  and  the  Crystalline  rocka  is  similar, 
and  difitlnot  paasages  can  be  traced  from  granular  and 
nlightly  altered  'Felspathic  Sandstones  through  massee  of 
varioua  teiturea  (the  main  oonatituent  bein^  Felspar,  with 
Quartz  and  Mica  more  or  less  abundant  m  plabee)  into 
Crystalline  recta,  such  as  Minette  and  Gnuuto.  When 
the  relation  of  these  cr^talline  massea  to  the  surrounding 
unaltered  Sandstones  is  considered,  the  metamorphio  cha- 
racter of  the  former  becomes  still  more  apparent.  The 
Sandstones  are  not  broken  through  and  vidleutly  displaced, 
nor  is  there  any  appearance  of  confusion,  as  the  centres  of 
greater  metamonuusm  are  approached.  On  the  contrary, 
the  dip  and  strike  of  the  strata  continue  unchanged  and 
perfectly  distinct  until  the  rocks  be^n  to  assume  a 
'  baked '  and  semi-cryBtalline  texture,  and  the  bedding 
gradually  becomes  obscure,  and  at  last  vanishes  altogether. 
But  after  the  metamorphic  area  is  traversed,  and  the 
unaltered  strata  on  the  farther  side  are  reached,  the  Fel- 
spathic  Sandstones  again  appear  with  exactly  the  same  dip 
and  strike,  giving  no  evidence  of  disruption  by  great 
masses  of  igneous  rock.  It  seems  reasonable  to  conclude, 
therefore,  toAt  the  Felspathic  Sandstones  were  once  con- 
tinuous across  the  area  now  occupied  by  Crystalline  rocks, 
and  that  theee  Crjrstalline  rocks  have  not  been  erupted 
from  below,  but  are  in  truth  only  the  Felspathic  Sand- 
stones under  &  different  form.  The  Sandstones  in  this 
area  have  been  simply  metamorphosed  into  Crystalline 
rocks :  they  have  changed  their  texture  while  retaining 
the  same  general  composition."* 

lutnudTS  Gnuiito  of  Devon  utd  Cornwall. — We 
next  pass  on  to  some  oasw  in  which  the  relation  of  Qranite 
in  lie  and  position  to  the  surrounding  rocks,  and  its 
behaviour  in  other  respects,  can  be  explained  only  on  the 
hypothesis  that  it  has  been  forcibly  intruded  into  ihe  rocks 
that  now  surround  it.  f    The  great  bosses  of  Granite  that 

*  Memoin  of  tlie  OeaL  Sotref  rocki,  to  denote  Qiat  thsf  have 

of    ScotliiDd.      EiplaoatioD     of  bunC  through    the  sarrotiiiding 

theet  22,  par.  10.  itrau  without  neoeKiarily  reach- 

f  llie  term  irruptivt  U  often  ing  the  lurfaee ;  whil«  uioee  in- 
applied  to  deep-Mated  inlrotive  bruaive  lOcki  vbich  have  been 
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occur  in  DeronBhire  and  Conivall  Beem  to  be  of  thii 
nature,  the  evidence  on  a  Large  scale  being  perhaps  most 
conclusiTC  in  the  case  of  that  one  vhich  forms  Dartmoor. 

The  suiToanding  country,  the  general  stracture  of  which 
is  shown  in  Fig.  52,  oontsins  two  very  distinct  groups  of 
rocks.    The  upper,  shown  by  the  darker  tint,  consists  of 
Sandstones  and  Shales,    often  with  much    carbonaceous 
matter,  and  here  and  there  beds  of  impure  Anthracite. 
Some  earthy  Limestooee  ocour  among  the  lower  beds.    Tbo 
underlying    group    is 
made  up  ^  Clay  Slatea 
and  hard  Grits.     Both 
groups  are  thrown  into 
a    number  of    nmipli- 
cated  folds  and  undiua-  , 
tions,  but  in  spite  of 
these  have  a  general 
dip    to    the  north,    as 
shown  in  the  section, 
80  that  their  separate 
beds  come  out  to  the 
surface  in  lines  trend- 
ing on  the  whole  east 
and  west.     Now  it  will 
be     noted     that     one 
boundary  of  the  Gra- 
nite   runs    nearly  due 
north    and    souUi,    or 
directly  across  the  bed-  8wUo~.tonffth.to.  a  b. 

ding,  and  this  could  ^8-  62.-&BOLoarcAi^SE«TCH-«AP  of 
only  happen  in  one  of 

two  ways.  Either  the  Granite  is  an  intruded  mass,  or  it  is 
a  portion  of  the  surrounding  rocks  which  has  been  melted 
down,  and  on  cooling  has  assumed  the  form  of  Granite. 

There  are  many  ressona  for  not  entertaioing  the  latter 
supposition.  If  Uiis  were  the  true  explanation,  we  should 
exp««t  to  find  the  Granite  showing  a  passage  into  the 
adjoining  rocks,  losing  by  degrees  its  dystallisatioii  and 

diacharaed  from  nbiwrial  venta  side,    heat,    nich    u   pressure, 

are  qnken  of  u  iruptivt.    The  vater,*ndinnlecular  action,  were 

latiuT  are  the  ign»one  tockt  of  cooeemed.    Ths  aamei  an  not 

DelMM  ;  the  former  are  included  verj  happy,  for  the  lBit.-nBmed 

under   Ms   peeudo-igfneoiu    and  agendei  hare  alM  had  a  ahara  in 

non-igaeiniuicluae.,  in  the  forma-  tbs  production  of  rooks  of  hia 

tion  of  which  other  agenU,  be-  igneona  olaaa, 
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rraiSually  asBumiii^  a  granular  texture  and  bedded  structure ; 
but  auch  U  not  the  case,  it  is  clearly  marked  off  from  the 
rocks  with  which  it  comes  in  contact.  Further,  if  the  Granite 
had  been  produced  by  the  melting  of  the  Buironnding 
rocks,  it  would  seem  likely  that  the  fusion  of  two  su(£ 
different  groups  as  thoy  are  composed  of  would  have  mven 
rise  to  products  of  different  form  and  composition,  and  that 
we  should  have  found  one  kind  of  Qrauite  prevailinff  on 
the  north  and  another  on  the  south  of  the  area ;  but  this  ia 
not  the  case,  the  Dartmoor  rock  is  singularly  uniform  in 
character  throughout. 

Considerations  like  these,  combined  with  the  marked 
way  in  which  the  Granite  cuta  acroes  Jhe  bedding,  lead  ub 
to  conclude  that  this  rock  has  not  been  derived  by  any 
modification  of  those  which  surround  it,  but  has  risen  a  per- 
feotly  independent  maas  from  below,  and  forced  its  way 
through  them. 

And  this  oonduaion  is  further  confirmed  by  several 
minor  points  in  the  behaviour  of  the  rock.  Though  the 
line  of  separation  between  Granite  and  the  adjoining  rock 
is  sharp  and  distinct,  the  latter  has  often  undergone  just 
the  same  sort  of  baking  and  alteration  as  we  have  already 
seen  occurs  along  the  margins  of  intrusive  dykes.  The 
Granite  alao  sen£  veins  into  the  rock  in  contact  with  it,- 
and  has  caught  up  and  endosed  in  itself  portions  of  the 
beds  which  it  penetrates. 

All  the  evidence,  tlierefore,  leads  us  to  the  conviction 
that  this  is  a  body  of  rock  which  baa  been  forcibly 
intruded  in  a  molten  state,  and  similar  reasoning  leads  us 
to  a  like  conclusion  with  regard  to  the  other  Granitic  bosses 
which  occur  between  Dartmoor  and  the  Land's  End.  The 
probability  is,  that  beneath  the  whole  of  this  district  there 
stretches  a  sheet  of  Granite  ;  that  this  was  once  in  a  state 
of  fusion,  and  waa  then  buried  under  a  much  greater 
thickness  of  bedded  rocks  than  at  present,  and  eveiy  here 
and  there  bosses,  projecting  above  the  general  surface  of 
the  mass,  were  thrust  up  into  the  overlying  covering ;  that 
denudation  has  stripped  off  enough  of  the  capping  to 
expose  tbe  summits  of  these  bosses,  but  haa  not  wotk^  its 
way  down  to  the  spread  of  Granite  beneath  from  which 
they  all  spring.* 

Zntmsir*  Onuiita  of  Brittui7. — ^We  have  already 
noticed  the  occurrence  of  two  kinds  of  Granite  in  Brittany, 

•  For  »  deKriptJon  of  snotber  Jukei'a  Mamudl  of  Qsoloiy,  3rd 
area,  of  iotnuive   Onmita,  lee      od.,  pp.  2*1—2*5. 
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one  uitrufiiTe,  and  the  other  apparently  truly  interbedded 
with  Metamorphio  rocke.  The  firet  forme  the  peaks  and 
ridges,  and  the  second  is  found  alon^  the  flankfi  of  the  hill 
rangee.  TMb  reatriction  of  each  kind  to  a  separate  region 
aeems  full  of  meaning,  for  before  the  rocks  were  brought 
into  their  present  poeition,  the  beds  out  of  whidi  the  Sret 
Granite  was  formed  were  the  lowest  of  the  group,  while 
those  which  gave  rise  to  the  second  Granite  were  hi^er  up 
in  the  series.*  The  metajnorphism  of  the  firet  Granite 
therefore  vent  on  at  a  greater  depth  than  that  of  the 
second,  and  was  proportionably  more  intense,  so  that  the 
rock  came  not  only  to  be  fused  but  to  be  driven  forcibly  into 
the  strata  around  it ;  while  the  eecond  Granite  having  been 
formed  at  a  smaller  depth,  when  the  metamorphism  was 
lees  complete,  etill  retaine  traces  of  its  original  bedding. 

Grtuuts  Teini. — In  the  cases  just  described  among  the 
facte  tending  to  establish  the  intrusive  behaviour  of  the 
'  Granite  were  the  sending  of  veins  into  the  adjoining  strata, 
the  oocnrrenoe  of  included  blocks,  and  oontact-metamor- 
phism.  We  will  now  give  a  few  further  illustrationB  of 
these  ooonirenoefl. 

It  was  from  the  observation  of  veins  proceeding  from 
a  Granite  mass  and  penetrating  the  overlying  rock  that 
Hutton  was  led  to  assign  an  igneous  origin  to  Granite,  f 
In  some  cases  perhaps  the  appearance  of  veins  may  be 
deceptive;  vhat  look  like  veins  mav  sometimes  be  seen 
proceeding  from  a  Granite,  which  there  is  good  reason 
to  think  has  never  been  oompletely  fused ;  theee,  it  may 
be,  are  portions  of  the  adjacent  rock,  which  yielded 
more  readily  to  metamoi^hio  influenoe  than  the  more 
stubborn  body  of  the  rock  itself,  and  so  became  converted 
into  granite,  while  the  rest  of  the  rock  remained  com- 
paratively unaltered.  But  such  an  explanation  is  not 
admissible  in  those  casee  where  Granite  veins  traverse  rocks, 
such  as  Limestone,  which  no  amount  of  metamorphism 
could  convert  into  Granite.  Of  many  such  ii^tancea  wa 
may  take  the  following  as  an  illustration.  The  strata  in 
the  region  between  the  Maesawippe  Hiver  and  Canaan,  in 
Canada,  are  in  many  places  pierced  by  considerable  masses 
of  a  beautiful  Granite,  which  oonsista  of  vhite  Quartz  and 
Felspar,  with  a  rather  sparing  amount  of  Mica  uniformly 
mixed.     Its  intrusive   nature  is  clearly  shomL   by  the 

*  The  Btndsnt  will  nttlUe  this  t  PUyfiitT'i  lUiwtnitioiu, 

better  wh^n  h«  hjia  gon*  through  Works,  I8J1,  voL  i.  pp.  101, 
Chapter  IX.  SOS. 
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Granite  dykes,  which  proceed  from  it  in  variouB  direcdonB. 
One  of  the  largest  masaeB  meaguree  about  six  Bijuare  miles; 
it  appears  to  displace  the  calcareous  strata  which  it  pene- 
trates, as  these  are  observed  to  dip  from  it  in  several 
places.  At  one  spot,  within  a  short  (listance  of  the  edge  ot 
the  granitic  nucleus,  a  great  number  of  Qranite  djkes  are 
seen,  cutting  the  basset  edges  of  the  Limestone  beds,  the 
whole  having  been  worn  down  to  a  horizontal  surface, 
a  portion  of  which  is  represented  in  Fig.  53.  Some  of  the 
main  dykes  are  from  two  to  three  feet  in  breadth,  and 
divide  into  a  multitude  of  irregular  and  reticulating 
branches,  many  of  which  are  not  more  than  the  eighth 


Fig.  53.— I>TXEs  or  OaAnirs  cun 

Bmh,  about  1— WOtb. 

of  an  inch  wide.  In  the  face  of  an  escarpment,  which 
rises  from  the  Granite  nucleus  to  this  horizontal  surface, 
a  lai^  dyke,  of  which  all  the  others  are  probably  ramifi- 
cations, can  be  traced  down  to  its  source.* 

Good  illustrations  of  Granite  veins  will  be  found  in  Plate 
V,  and  on  pp.  168 — 187  of  De  la  Beche's  "  Keport  on  the 
Geology  of  Cornwall,  Devon,  and  West  Somerset ;  "  and  in 
Professor  Bamsay's  "  Geology  of  the  Island  of  Arran." 

Inoladfld  Blocks  in  Onuiits. — Those  masBes  of  Granite 
which  appear  to  have  behaved  intrusively,  often  enclose 
fragments   apparently  torn  off  from   the  rocks  through 

*  Bepcrt  on  the  QeoL  Snrvey  of  Cuuidtt  up  to  1363,  p.  4-^4. 
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Trhich  they  hare  forced  their  way,  and  these  blocks  fre- 
quently BDOW  KB  external  baked,  or  otherwise  altered, 
ooating.  The  reader  vill  recollect  that  the  same  thing  is 
often  obserred  in  the  ease  of  drkes  asd  other  intnisiTe 
ig;neoua  masses.  The  following  is  one  out  of  many  such 
cases.  In  the  f^renees  is  a  Oranite  contaimno^  many 
blocks  of  a  dark  blue  Limestone,  identical  with  a  ro^  found 
in  the  neighbourhood.  The  outside  crust  of  these  fragments 
is  converted  into  White  Marble,  the  crystalline  texture 
gradually  disappears  towards  the  interior,  and  the  centre  has 
the  same  colour  as  the  rook  from  which  they  were  derived. 

It  does  not  necessarily  follow  that  all  included  masses  of 
foreign  rock  which  are  met  with  in  Granite  have  come 
there  in  the  way  just  described.  When  (Hanite  boa  arisen 
from  the  intense  metamorphism  of  a  group  of  rocks,  some 
beds  of  which  were  more  susceptible  of  metamorphiu 
influence  than  others,  it  may  well  happen  that  portions  of 
the  less  easily  metamorphosed  beds  may  remain  com- 
paratively undbanged  in  the  middle  of  the  crystalline  mass, 
which  resulted  from  the  reduction  of  the  more  readily 
altered  strata.  Cases  of  this  sort  have  been  noticed  among 
the  Granites  of  the  south  of  Scotland  by  Mr.  J.  Geikie, 
seep.  313,  and  Gtologieoi Magmiw,  iii.  533. 

Instances  have  been  described  of  included  masses  of 
enormous  size  in  Granite.*  One  cannot  help  suspecting 
that  in  such  cases  we  are  dealing  with  a  metamorphosed 
group  of  beds  of  variable  composition;  that  some  have 
been  converted  into  Granite,  while  others  were  better  able 
to  resist  alteration  ;  and  that  the  supposed  included  masses 
are  really  portions  of  the  latter,  rocks  in  fact  that  remained 
unaltered  while  the  beds  on  either  side  of  them  were 
altered  so  as  to  put  on  a  granitic  form. 

Contaet-Metunorphijiiti  \)j  Gnuuto. — We  have 
already  seen  how  rocks  in  contact  with  intrusive  igneous 
masses  are  frequently  baked,  hardened,  and  otherwise 
altered  for  a  snort  distance  from  the  plane  of  junction : 

I 'list  the  some  effect  has  been  produced  in  the  neighbour- 
lood  of  Granite  masses. 
Thus  at  Grange  Irish,  in  the  Carlingford  Mountains,  in 
Ireland,  a  fine  grained  Homblendic  Gruiite  sends  veins  into 
beds  of  overlying  Limestone  :  the  Limestone  is  converted 
into  a  bluish  sugary  marble  oontaining  garnets.  Here, 
too,  the  Limestone  has  reacted  on  the  Granite  itself,  and 
wrought  a  singular  change  in  its  composition. 
•  Ziiliel,  Pstrogtaphis,  i.  COS. 
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Professor  Ilaughton  gives  the  following  results  of  hia 
analyaiB  of  the  Granite  ten  yards  from  the  point  where  it 
comes  in  contact  with  the  limestone : — 


Eqoinlmt  to 

SilicA 71'4I  j 

AlumiDS  ....  I2'64 

Pmtoiide  of  lion  .      4'7S  !  QduIe     .    .    .     17-16  p«r  cent 

Lime 1-80    Potaah  Fellpar .    67-18       „ 

Miigneaia     .    ,    .      OGX  '  Homblsnds  .    .     l5-iO      „ 
Potaih     ....      G'47  i 


The  dykes  which  proceed  from  this  rock  and  penetrate 
the  Limestone  are  found  to  have  the  following  composi- 
tion : — 


Silica IT-fiS  I 

Alamina  ....  2S  <i6 

PrntDJuds  of  Inm  .       723    Anortliite  or 

Lima 16H        Lima  Felaptr.    3S-B4  per  cent 

Ma^ceift     .    .    .  1-48  |  Humbleude  .    .     14-16      „ 

Comparing  these  two  analyses  we  see  that ' '  the  quantity 
of  Hornblende  remains  almost  unaltered,  and  that  the  effect 
of  the  addition  of  Limestone  to  the  melted  Oranite  has  been 
to  convert  the  Quartz  and  Orthoclase  into  Anorthite,  In 
this  operation  the  alkalies  of  the  Orthoclase  have  disap- 
peared ;  the  Lime,  being  a  more  fixed  base  at  high  tem- 
perature, has  altogether  displaced  the  alkalies."* 

The  change  of  iWestone  into  crystalline  Marble  by  in- 
truded masses  of  Homblendic  Granite  in  the  Island  of  Skye 
has  been  described  by  Professor  Geikie.t  Under  similar  cir- 
cumstancea  Clay  Slates  and  Sandstones  have  been  converted 
into  Hicaceous  Schists,  Qneiss,  or  similar  foliated  rocks. 

We  must  recollect  that  oontact-metamorphism  is  not  in 
itself  a  proof  that  the  Gtauite  in  whose  neighbourhood  it 
occurs  was  necessarily  intrusive.  Alteration  around  a  mass 
of  Granite  will  occur,  when  the  latter  has  been  produced  by 
the  melting  down  of  rocks  in  titv,  without  the  process 
ha-viug  gone  far  enough  to  give  rise  to  intrusive  behaviour. 
.  But  in  the  latter  case  there  will  be  a  gradual  transition 
from  Granite,  throngh  less  highly  altered  rocks,  to  beds 
quite  unchanged :  where  Granite  has  behaved  intrusively, 
mere  will  be  a  more  or  less  marked  line  of  demarcation 
between  it  and  the  rock  it  invades. 

■  Qtiut  Jotun.  GmL  Soc.,  liL  192— 1S8. 
t  Ditto,  liy.  18. 
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The  Origlii  of  Plutonio  and  Trappeui  Books. — It 

is  on  facte  such,  as  those  just  described  that  we  must 
base  our  Bpeoulations  aa  to  the  origin  of  Granite  and  of  the 
Trap|»eaa  and  Ftutonio  rocks  in  general.  We  have  already 
mentioned  the  views  held  on  the  subject  by  two  opposite 
echoola  of  geologists ;  one  maintaining  that  all  Crystalline 
rocks  have  been  derived  from  an  internal  permanently 
molten  reservoir,  while  the  other  believes  that  some  at 
least  of  the  Crystalline  rocks  have  been  formed  by  extreme 
metamorphism  of  Derivative  rocka. 

It  is  unfortunate  that  those  who  have  taken  part  in  the  f 
controversy  have  looked,  in  many  oases,  only  at  a  part  of 
the  facts  on  which  the  solution  of  the  problem  depends.  A 
case  is  found  in  which  Qranite  shows  every  sign  of  having 
been  forcibly  intruded  in  a  fused  state  into  the  beds  among 
which  it  occurs,  and  the  observer  thereupon  jumps  to  the  , 
conclusion  that  all  Orsnitee  are  irmptive.  Another  ob- 
server detects  (Granite  under  drcumstancee  which  raise  the 
strongest  suspicion  that  it  has  been  formed  in  titu  by  in- 
tense metamorphism,  and  forthwith  refuses  to  beUeve  that 
it  has  ever  behaved  imiptirely.  We  have  endeavoured  to 
avoid  these  one-sided  ways  of  reasoning  by  laying  before 
the  reader  instances  of  both  these  methods  of  oocurrence ; 
and  now  the  question  arises,  Siaee  thea»  tteo  farvu  Jmh  pro- 
dueei  bg  iifftrmi  eauiM,  or  an  tkty  only  tkt  rMuttt  ofdiffarmt  ^ 
ttagti  of  the  taau  operation  f 

There  can  scarcely  be  a  doubt  that  bedded  Granite,  and 
the  bosses  of  Granite  that  replace  and  pass  gradually  into 
the  rocks  that  surround  them,  have  been  formed  out  of 
Derivative  rocks  by  metamorphic  action. 

The  process  by  which  the  change  was  effected  must  have 
consisted  in  a  sort  of  softening  and  loosening  of  the  particles 
of  the  rock  to  an  extent  that  permitted  a  molectdar  re- 
arrangement of  its  constitutents.  In  the  case  of  the  first 
form  this  was  done  without  effacing  the  bedding;  the 
second  form  resembles  the  first  in  every  respect  except  that 
it  shows  no  traces  of  bedding,  and  it  is  therefore  reasonable 
to  suppose  that  it  is  merely  the  result  of  a  more  advanced 
stage  of  the  same  process  that  gave  rise  to  the  first  form. 
Now  it  is  perfectly  conceivable  tiat  the  very  same  process, 
if  carried  atiU  further,  mi^ht  work  still  more  important 
changes.  The  softening  might  go  on  till  the  rock  oecame 
sctu^y  fused,  and  in  this  condition,  under  the  influence  of 
increased  heat  and  the  presRure  of  the  overlying  beds,  it 
might  be  driven  forcibly  through  the  rocka  that  surround 
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it ;  thus  the  third  or  intrusive  form  of  Granite  ironld  be 
produced.* 

When  we  reflect  how  dosely  all  theee  forms  of  Oranite 
agree  in  average  chemical  and  mineral  oompoBition  and  in 
lithological  character,  such  a  view  as  this  seems  d  pri»ri 
more  probable  than  the  theory  which  would  compel  us  to 
draw  an  intrusive  form  of  the  rock  from  one  source  and 
the  metamorphic  shape  of  it  from  another.  We  cannot 
deny  that  two  of  the  fonns  of  Qranite  have  been  derived 
from  sedimentary  rocks  by  an  advanced  stage  of  the  same 
process  as  gave  rise  to  Gneiss,  Mica  Schist,  and  the  rest  of 
the  rocks  admitted  to  be  metamorphic,  and  a  still  further 
development  of  the  same  operation  seems  to  be  perfectly 
competent  to  sivQ  us  the  third  form ;  and  it  certainly  looks 
more  reasonable  to  accept  this  explanation,  than  to  go 
out  of  our  way  to  derive  this  third  form  from  a  source  me 
very  existence  of  which  is,  oa  ve  shall  see  by-and-by, 
somewhat  problematicaL 

It  must  be  added  that  there  ore  certain  peculiarities  in 
Granite  which  seem  to  show  that,  like  the  rest  of  the  Crys- 
talline rocks,  it  could  not  be  produced  by  the  action  of  heat 
alone.  When  Granitic  rooks  have  been  fused  artificially  and 
allowed  to  cool  slowly,  the  resulting  product  is  altogether 
difierent  from  the  original  rock,  tiiough  whether  mis  is 
due  to  the  rate  of  cooling  not  having  been  slow  enough,  or 
the  pressure  not  having  been  great  enough,  or  to  what 
cause,  we  do  not  surely  know.  Again,  its  most  infusible 
mineral,  Quartz,  instead  of  having  been  theflrat  to crystaUise, 
as  would  have  been  the  case  if  the  rock  had  been  the  re- 
sult of  fusion  pure  and  simple,  has  in  many  cases  been  the 
last  to  solidify.  We  can  realise  how  this  may  have  come 
about,  if  Granite  has  been  produced  by  what  has  been 
already  desorihed  as  hydrothermol  action,  t 

tf  we  admit  in  its  entirety  the  dootrine  that  Granite  and 

*  For  one  M 

phiam,  ton  Quart  Joum.  OeoL 

Soc.  of  LmdoQ,  xxviii.  106.  ilao  Vernon  Hsroottrt,  Sepoit  of 

t  Dnrochw  has,  hovevcr,  st-  Brit.  Amoo.,  1860,  p.  181 ;  Soibv 

tempted  to  iliow  by  >  most  in-  onU[}ant8(ni«18ieiiita,0«ol.uid 

__;.»..     I^_    af    ».•»»;.,_      Kna  PnlvUok       Onx       nt    IVaif    RMinir 


nnioDS  line  ™  _  i, 

Qiurts  might  retain  «  consider-  of  TorkshiTe,    Hay  SStb,  1B68  ; 

able  dogree  of  floidity  or  plaa-  Bohseror,  Bull,  do  la  8uc.  Qeol.  do 

tioit;  down  to  a  tampentiit«  far  Fnnoa,  End  smie«,  ir.  i79,  qaoted 

below  its  freedug  point  daring  by  Svmpe,  VolouiiCiea,  p.  SSS. 
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the  other  Trftppean  and  Plutonic  rooks  hid  a  metamorphic 
ori^,  we  must  »>  &  step  further  aad  allow  that  laTos, 
which  ore  only  the  suboerial  shnpe  of  these  rocks,  were 
produoed  in  the  eatne  wsy.  We  thuB,  by  a  long  train  of 
teaaaning,  have  become  oonvinced  that  what  was  pointed 
out  as  probable  in  the  beginning  of  Chapter  YI.,  has  vea^ 
etrong  eridecoe  indeed  in  its  faTOur,  ana  that  in  all  likeh- 
hood  00  Cr^tlalHturotiiare  Uurttult  tf  iatatie  mttamorfhiim 
cf  dtrivatw  dfpotiU. 

Ol^eotioiii  to  Ketuiu»phle  Thoory. — Those  geo- 
logiatB  who  dispute  the  metamorphio  origin  of  Qranite  aeem 
to  rest  their  oppomtian  mainly  on  two  lines  of  argument. 
They  say  that  the  composition  of  the  Orystalline  rocks  all 
the  world  oror  is  ao  uniform,  that  it  ia  not  likely  that  they 
cooid  have  been  derived  from  beds  so  variable  aa  they 
assert  the  DeriratiTe  rocks  to  be ;  and  they  maintain  that 
there  is  no  DerivatiTe  rock  which  agrees  in  diemical  compo- 
sition with  Ghnnite. 

The  first  of  these  statements  is  certainly  not  strictly  true ; 
and  if  it  were,  it  would  not  prove  the  point  it  is  intended  to 
establisL  Crystalline  rocka  are  far  from  obsernng  the  con- 
stancy in  mineral  and  chemical  compositioa  that  is  assigned 
to  them.  And  if  the  assertion  is  only  intended  to  be  taken  in 
a  wide  general  sense,  it  will  apply  equally  well  to  those  De- 
rivative  rocks  from  which  the  metamorphic  theory  supposes 
Granite  to  be  derived.  Certain  Sandstones  looked  at  broadly 
are  quite  as  uniform  in  composition  as  any  Oranite ;  and 
therefore  there  is  no  ground  for  surprise  if,  when  these  Sand- 
stones are  metamor^osed,  the  piwlucts  also  are  very  much 
alike.  The  first  objection,  therefore,  falb  to  the  ground.* 
The  second  statement,  that  there  are  no  Derivative  rocks 
of  the  same  eomposition  as  Granite,  is  decidedly  open  to 
question.  Instances  to  the  oontnuy  might  be  muMplied 
without  limit,  but  one  example  must  suffice  here.  The  two 
analyses  g^ven  below  are  taken  almost  at  random  from 
Srkel:  (1)  shows  the  oomposititm  of  a  Clay  Slate  from 
Prague ;  (2)  that  of  a  Granite  in  the  Carpathians. 
(I)  W 

Silie* 07'«0         eS'Sl 

AlmnuM 16-SI»         lS-40 

Lime 3'24  3'00 

Mignetis S'6T  0-83 

Pottidk I-S3  3-87 

Boda 2-U  S'39 

Oxide  of  Iron  and  Uui{pu]«M  .         C-S<  179 

•  bM  Alport,  Q«6L  Hag.,  ix.  188. 
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There  can  be  no  difficulty,  as  f ar  ae  chemical  compOBition 
goes,  in  believing'  that  the  oonstituente  of  the  firat  rook 
might  be  bo  rearranged  as  to  give  rise  to  BOmething  venr 
lilce  the  eeoond.  But  even  ii  this  objection  were  well 
founded,  it  would  not  be  fatal  to  the  metamorphie  theoiy ; 
for,  since  water  plays  so  important  a  part  in  metamorphism, 
we  can  readily  conceive  that  any  ingredients  necessary  for 
the  transformation  of  the  rock  into  its  new  shape  may 
have  been  introduced  in  solution  either  during  or  after  the 
process  of  metamorphism. 

"BMifminy  Axtflcdsd  to  otlUT  Flutonio  Rooks. — We 
have  so  far  confined  ourselves  to  the  particular  instance  of 
Granite,  but  all  our  arguments  apply  eq^ually  well  to  tho 
whole  body  of  the  Trappean  and  Plutonic  rocks. 

In  the  Giet  place  there  is  no  hard  line  separating  Granite 
fromtheother  Acidic  members  of  those  (Masses.  Inillustr&- 
tion  of  this  it  will  be  enough  to  repeat  what  we  have  already 
said  about  the  close  alliance  between  Granite  and  Felstone. 

The  lithological  description  and  aaalysis  of  Granite  show 
how  closely  it  is  related  in  composition  to  the  more  hiffbly 
silioBted  Felstones.  The  main  differences  between  them 
are  these.  In  texture,  the  Granite  being  the  more  largely 
ciTstalline  of  the  two ;  in  the  distribution  of  the  Quartz, 
which  in  Felstone  is  usually  so  uniformly  disseminated 
through  the  rock  that  it  cannot  be  detected  by  the  eye, 
while  in  Granite  it  occurs  in  lumps  large  enough  to  be 
easily  recognised ;  in  the  presence  of  Mica,  which  occurs 
rarely  in  Felstone,  but  is  universally  found  in  Granite. 

All  these  differences,  however,  are  such  as  might  well 
characterise  two  portlotis  of  the  same  molten  mass  which 
cooled  under  di^rent  drcumstancee ;  and  they  confirm 
the  conclusions  already  arrived  at,  that  the  Granite  pro- 
duced bj  fusion  consolidated  under  the  pressure  due  to  great 
depths  below  the  surface,  where  the  escape  of  heat  would 
be  veiy  gradual,  and  where  the  consequent  slow  cooling 
allowed  of  the  formation  of  a  largely  crystalline  texture 
and  a  more  complete  seporatioii  of  the  constituent  minerals. 

We  do  find  in  Granite  veins,  and  on  the  edges  of  Granite 
masses,  where  cooling  must  have  gone  on  more  rapidly 
than  in  the  body  of  the  rock,  passages  between  Giiinite 
and  Felstone :  the  Granite  loses  ita  Kioa  and  passes  into  a 
rock  known  as  Elvanite,  and  this  again  shades  off  into  a 
rock  indistinguishable  ^m  compact  Felstone* 

Nor  are  our  oonclusions  confined  to  Acidic  Bocks.  De- 
*  8m  Die  paper  of  Dorooliar'B  quoted  on  p.  323. 
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tails  of  one  caM  where  Basic  as  well  as  Acidic  Trappeaa 
rocks  seem  to  haye  proceeded  from  the  metamorplusitt  of 
DeriyatiTe  rocks  have  been  given  on  p.  293.  The  con- 
dusiooB  there  arrived  at  have  been  confirmed  by  other 
observations  in  the  same  district  Thus  Professor  Geikie 
tells  UB  of  an  intrusive  sheet  of  a  lock,  which  can  be  classed 
as  Diorite,  among  the  altered  rocks  of  the  Southern  Uplands 
of  Scotland,  but  which,  in  spite  of  its  Trappeaa  character, 
is  found  in  the  space  of  a  few  vards  to  pass  into  a  rock 
which  does  not  differ  in  gener^  aspect  from  beds  which 
ore  undoubtedly  metamorphosed  Felspathio  Sandstoneti.* 
And  he  mentions  that,  while  some  of  the  stratified  rocks, 
probably  originally  more  quartzose,  have  been  changed 
into  Granite,  others,  which  were  probably  more  f  elspathic 
and  argillaceous,  have  been  altered  into  various  Porphyries 
and  I>iorit«B.t 

Soiomary  and  Conolnaloiis. — ^We  have  now  for  the 
epace  of  eight  chapters  been  plodding  through  dry  descrip- 
tions of  various  kinds  of  rocks,  and  explanatianB,  some  m 
the  highest  degree  probable,  others  involving  more  or  less 
of  speculation,  of  the  ways  in  which  these  rocks  were 
originally  formed  and  have  been  Bubsequently  modified.  A 
stone  is  no  longer  to  us  a  stone  and  nothing  more ;  every 
stone  carries  with  it  a  stray,  and  the  experience  we  have 
gained  enables  us  to  decipher  for  each  individual  stone, 
with  more  or  less  of  certainty,  the  characters  in  which  that 
sto^  is  written,  and  translate  it  into  our  own  tongue.  But 
so  &r  we  have  done  little  more  than  relate  so  many 
detached  incidents  in  the  history  of  the  formation  of  the 
earth's  crust,  little  more  than  collect  a  bundle  of  historical 
anecdotes,  such  as  is  put  into  the  hands  of  children  to 
awaken  in  their  minds  an  interest  for  historical  reading, 
and  lead  them  up  to  the  study  of  history  itself.  The 
question  arises,  is  our  geological  knowledge  as  yet  suf- 
ficient to  enable  us  to  do  anything  further  than  gather  a 
budget  of  geological  tales  ?  Do  the  isolated  faots  we  have 
been  reviewing  naturally  lend  themselves  to  a  connected 
narrative  F  Can  we  ascend  from  them  to  broad  general 
views,  and  frame  out  of  them  something  deserving  the 
name  of  a  history  of  a  portion  at  least  of  the  lifetime  of  the 
earth  on  which  we  live  ?  If  it  seems  likely  that  we  can, 
we  shall  do  well  boldly  to  make  the  attempt.     For  the 

■  Memoira  of  Hie  Oeol.  Survey  t  Ditto,  Explanation  of  iheet 

of  Scotland,  Explanatian  of  theet      15,  par.  S6. 
8,  par.  26, 
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historjr  of  ererj  science  shows  th&t,  if  genflTRlisati<ms  am 
made  in  a  truly  caatious  and  philoaophical  spirit,  and  when 
neceeBary,  looked  upon  as  mei^y  proTisional  working  hypo- 
tiieses,  the  gainthat  follows  from  them  is  immense;  n&ymore, 
that  if  the;  are  not  made  when  the  right  time  for  making 
them  has  arrived,  the  lose  that  results  is  still  greater.  Not 
<mlr  do  well-grounded  hypotheses  serre  as  a  string  oa 
which  to  hang  our  facts,  where  they  can  swing  in  full  view 
and  be  readily  got  at  when  wasted,  but  they  also  point  out 
the  direction  we  must  go  in  if  we  wi^  to  add  t«  our  cwlledion. 
And  in  the  opinion  of  many  eminent  thinkers  the  time  is 
ripe  for  some  degree  of  generalisatioii  in  Geology.  It 
matters  not  that  many  pages  of  the  geological  record  are 
so  blurred  and  blotted  that  we  can  only  grmw  onr  way 
etumUing^  through  them ;  that .  many  can  be  read  in 
eereral  different  ways,  so  that  the  interpretations  of  them 
are  almost  as  numerous  as  the  interpreters  ;  that  many  are 
altogether  blank,  and  many  torn  (mt  and  gone  for  ever.  We 
take  heart,  when  we  £nd  very  many  written  in  charact«n 
which  cannot  be  misunderstood,  and  find  too  that  the  pages 
we  can  read  are  numerous  enough  to  justify  us  in  attempt- 
ing conjectural  restorationB  or  emendations  of  those  which 
are  lost  or  oorru^. 

The  hypothesis  by  which  we  propose  to  endeavour  to 
connect  fa^ether  the  isolated  facts  that  have  been  laid 
before  the  reader  has  been  pretty  dearly  hinted  at  several 
times  over  in  the  last  three  chapters.  We  will  now  put  it  Id 
a  formal  eibape,  with  the  caution  that,  though  it  has  l<a 
some  time  hem  finding  its  way  more  and  more  into  favour, 
it  must  ertdll  be  looked  upon  as  no  more  than  a  probable 
speoolatifm. 

We  have  found  that  Oranite  ooours  under  three  forms. 

Under  the  first  form  it  still  retains  traces  of  bedding  or  is 

interstratified  with  undoubtedly  bedded  rocks  ;  here  ther« 

can  be  little  doubt  that  it  is  an  intensely  metamorphosed 

rock.    Under  the  seoimd  form  Oranite  occurs  in  amorphous 

masses,  which  melt    away  insensibly  on  all    sides  into 

.    unaltered  strata,  show  no  signs  of  having  burst  violently 

I   through  the  adjoining  beds,  but  look  as  if  they  filled  up 

'    spaees  once  occupied  by  rocks  winilaT  to  those  that  surrouna 

theon.     Such  appearances  are  best  explained  by  supposing 

that  portions  of  the  rock-mass,  in  the  heart  of  which  these 

bosses  occur,  have  been  altered  into  Granite,  the  metamor- 

phism  having  been  more  intense  than  that  which  produced 

the  first  form  of  the  rock  because  the  bedding  is  effaced,  but 
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vet  not  enersetic  enough  to  oaoae  the  Gtranite  to  behave 
irmptively.  Under  its  third  form  Granite  gives  proof  of 
having  been  foroibly  intruded  into  the  rocks  among  ^hich 
it  occurs,  and  its  irruptive  behaviour  may  reasonably  be 
attributed  to  an  inoreaeed  degree  of  enei^  in  the  meta- 
motphio  process  which  gave  nse  to  it. 

There  la  reaaon,  then,  to  believe  that  these  three  forms  of 
Granite  have  not  been  produced  by  different  causes,  but 
are  the  results  of  three  successive  stages  of  the  same 
process ;  and  now  that  we  seem  to  have  seen  our  way  to 
three  links  in  a  chain  of  operations,  we  are  led  on  to 
inquire  whether  an^  others  of  the  geological  processes  we 
have  become  acquainted  with  may  not  belong  to  the  same 
series,  and  to  try  and  assigu  to  them  tlieir  proper  places 
in  it. 

Now  the  metamorphism  which  produced  bedded  Granite 
differs  in  all  probabilily  from  uiat  which  gave  rise  to 
Gneiss  and  less  highly  altered  produote,  only  in  intensity. 
On  the  one  side,  then,  we  have  a  passage  from  the  bedded 
form  of  Granito  tlmra^h  Gneiss  and  other  Uetamorphio 
rocks  into  the  Derivative  rooks,  out  of  which  the  l^tor 
were  produced.  Here,  then,  we  seem  to  have  an  un- 
broken chain  linking  on  Derivative  rooks  to  one  form  of 
Granito. 

Looking  in  the  other  direction,  the  bedded  Granites  pass 
through  the  second  form  of  that  rock  into  Granites  which 
have  been  ehiftod  from  the  spot  where  they  were  meta- 
morphosed and  driven  violently  into  rents  and  fissures.  If 
such  openings  fail  to  reach  the  surface,  the  injected  masses 
harden  under  pressure,  and  give  rise  to  Trappeaa  and 
Plutonic  products.  The  passage,  for  instance,  that  has 
frequently  been  obserred  between  intrusive  Granite 
through  Mvanito  into  oompaot  Felstone  (Fetrosilez), 
shows  one  case  of  a  Trappean  rock  which  is  nothing  but 
Granite  modified  by  the  circumstances  under  which  it 
cooled.  But  if  Grajiito  should  be  injected  into  a  vent 
opening  above  gronnd,  we  can  scarcely  doubt  tJiat  the 
portion  of  it  which  hardened  under  ortunaty  atmospheric 
pressure  would  take  the  form  of  Trachyte. 

On  this  side,  then,  Granite  is  connected  with  one  of  the 
oommonest  forms  both  of  the  deep-seated  and  subaerial 
crystalline  rocks. 

The  complete  chain  of  operations,  then,  would  seem  to  be 
as  follows.  First,  Derivative  rocks  are  formed  by  the  wear 
and  tear  of  dTstalline  strata.     Certain  of  these  Derivative 
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Tocke,  coming  mtiiin  the  range  of  metamorphic  bcUod, 
pass  throug:Ii  varioaa  stages  of  metamorphiem  into  Gneiss, 
and  thence  into  the  three  successive  forms  of  Granite.  Sy 
the  final  step  an  intnisiTe  product  is  obtained,  which,  if  it 
hnrden  undffl  pressure,  takes  the  form  of  a  Plutonic  or 
Trappean  rock  of  Acidic  oomposition,  such  as  Qraoite,  Elva- 
nite,  or  compact  Felstone ;  out  if  it  be  ejected  on  to  the 
surface,  hardens  into  an  acidic  lava,  such  as  Trachyte.  And 
80,  in  the  end,  we  come  back  to  the  Crystalline  rooks  with 
which  we  started.* 

Gtanite  has  been  selected  as  a  particular  instance  for 
illuatrating  this  great  (n'cle  of  changes,  but  the  line  of 
reasoning  &P^^  equally  well  to  all  the  members  of  the 
Plutonic  and  tDrappean  classes  of  rooks. 

Derivative  rocks  of  suitable  composition  are  capable, 
-when  subjected  to  the  same  process,  erf  giving  nee  to 
Basic  and  other  varieties  both  ol  deep-seated  and  subaerial 
Crystalline  rocks. 

If  the  hypothesis  just  e^lained  be  tme,  we  might 
eipect  to  find  that  periods  of  great  metamorphism  would 
be  also  periods  of  great  volcanic  activity.  Professtv  Geikie 
has  pointed  out  one  instance  in  which  this  has  certainly 
been  the  CBse;|  and  he  has  suggested  a  very  probable 
reason  for  this  connection,  whii£  we  shall  have  to  con- 
sider when  wo  come  to  inquire  into  the  cause  of  volcanic 
energy. 

An  attempt  has  been  niade  to  present  to  the  eye  a  dia- 
grammatic representation  of  the  round  of  changes  from 
Derivative  to  the  different  forms  of  Metamorphic  and 
Igneous  rocks  in  Fig.  54. 

On  the  right,  widespread  regional  metamorphism  is  going 
on  over  a  large  area,  the  action  increasing  in  intensity  from 
left  to  right.  On  approaching  this  tract  the  bedded  rocks 
gradually  put  on  metamorphic  forms,  and  shade  oS  into 
Gneiss  and  bedded  Granite ;  as  we  get  more  into  the  heart 
of  the  metamorphic  r^on,  the  latter  passes  into  molten 
amorphous  Granite.  The  beginning  of  the  change,  and 
the  final  passage  into  Granite,  take  plaee  at  a  greater 
distance  from  the  metamorphio  centre  in  some  beds  Uian  in 

*  See  Uie  paper  of  Mr.  Jndd'e,  moire  f>f  the  Oetd.  Sorrej  of 
■IrOMly  Toferred  to,  on  the  So-  Scotlnnd),  p.  33;  Bainwv,  Ad- 
con  daiy  Books  of  ScotUnd.Qiiatt.  drew  to  OeoL  Beotion  of  Britioh 
Joam.  Oitol.  Bocxzz.  S33— 237,  ABeociation.  1866. 
2S»— 295;  A.  Geikie,  The  Qeo-  f  Truiuctioni  Edinbargh  OeoL 
logj  of  East  Benrioluhire  (Me-  Soo.,  ii.  2t)7. 
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others,  those  first  affected  being;  more  suscepttble  of  meta- 
morphic  influence  than  the  strata  above  aad  below  them. 
In  uiis  way  we  get  along  the  margin  of  the  metamorphic 
region  bed*  of  OraniU  inter8trati£ed  with  ciTBtalline  Schists. 
Stul  further  to  the  right,  where  the  metamorphio  eneivy 
has  reached  ita  maximum,  portious  of  the  fused  Gramte 
have  been  injected  into  the  overijing  rocks.  Some  of  the 
rents  do  not  reach  the  surface,  and  the  matter  that  h&rdens 
in  them  givea  rise  to  intruaiye  Plutonic  or  Trappean  pro- 
oeases ;  two  other  Tents  do  reach  the  surface,  and  the  por- 
tions of  the  fused  ma«s  that  are  forced  up  through  them 
flow  out  and  harden  int«  lavas,  some  of  which  ore  poured 
out  on  land,  and  othera,  streaming  over  the  eea-bed,  become 
interstratified  with  the  derivatiTe  deposit  that  are  being 
hiid  down  beneath  the  water. 

To  the  left  is  a  centre  of  local  metamorphism,  around 
which  portions  of  the  DerivatiTe  rocks  are  converted  into 
Qranite  ;  here,  owing  to  the  smaller  intensity  of  the  meta- 
morphism, none  of  the  molten  matter  has  behaved  intni- 
sirelj ;  the  irregularities  in  outline  of  the  Granite  masses 
are  not  caused  bj  intrusion  of  that  rock,  but  are  due  to  the 
fact  that  some  beds  are  more  readilj  metamorphosed  and 
converted  into  Granite  than  others,  and  accordingly  the 
process  of  change  has  spread  further  into  them  than  into 
the  strata  less  open  to  alteration.  A  belt  of  altered  rock 
fringes  this  mass,  and  also  the  Granite  dykes  to  the  right ; 
but  it  will  be  noted  that  this  is  much  nairower  than  the 
broad  band  of  altered  rock  which  abuts  against  the  tract 
of  regional  metamorphism. 

Claasifioatiaii  of  th«  Crystallins  Books  Inusd  on 
the  Kfltamorphio  Tlwory. — In  the  case  of  the  Non- 
Crystalline  rocks,  all  our  attempts  to  classify  them  in  a 
satisfactory  manner  failed  so  long  as  we  neglected  to  take 
into  account  the  way  in  which  they  were  formed.  But  as 
soon  as  we  were  able  to  show  that  they  had  aU  arisen 
directly  or  indirectly  from  denudation,  we  saw  our  way  at 
once  to  a  oompreheneive  and  natural  scheme  of  grouping, 
which  under  various  hands  mig'ht  assume  various  forms  as 
far  as  details  go,  but  in  general  outline  would  resemble  the 
arrangement  attempted  on  page  180. 

In  the  same  way,  when  we  came  to  deal  with  the  Crystal- 
line rocks,  we  found  the  ordinary  classification  of  them 
defective  and  often  inconsistent,  because  it  failed  to  pay 
attention  to  the  method  of  their  origin.  But  if  we  can 
show  that  the  Crystalline  rocks  aU  owe  theii  existence 
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uldmately  to  &  common  cause,  or  if  we  ooold  aabdiviile 
them  into  a  ntunber  of  groups  in  each  of  which  all  ths 
members  had  a  common  origm,  we  should  then  h&mn  to 
have  hopes  that  they  too  might  bo  brought  under  a 
natural  and  coneistent  arrangement. 

It  is  hardly  yet  time  to  assert,  that  the  theory  which 
refers  all  Crystalline  rocks  to  variouB  stages  of  metEk- 
morphism,  is  seourdy  eetabUsbed ;  but  the  probability  of 
this  view  ultimately  turning  out  to  be  correct  is  so  great, 
that  it  is  worth  wmle  trying  what  sort  of  a  classification  it 
would  lead  to,  if  it  were  true. 

Now  there  are  three  things  we  want  to  learn  about  a 
rock,  if  our  knowledge  of  It  is  to  be  complete  i — 
1st.  The  way  in  which  it  was  produced. 
2nd.  The  petrolt^cal  manner  of  its  occurrence. 
3rd.  Its  mineral  composition. 
In  the  case  of  the  Ciystalliue  rocks  the  answer  to  the  first 
question  resolves  itself,  according  to  our  present  views, 
into  a  statement  of  the  degree  of  metamorpbism  each  rock 
has  undergone,  and  under  this  head  we  can  distinguish 
three  stages. 

Ist  Stage,  in  which  some  tracos  of  the  originally  bedded 
character  of  die  rook  still  remain.  The  roi^  of  'Uiis  stage 
may  be  called  MsTAifoapmo,  and  divided  iuto  Non-FoliaUd 
and  Faliated. 

3nd  Stage,  when  the  bedding  has  been  entirely  effaced 
and  a  crystalline  amorphous  mass  produced,  hvt  tht  produet 
don  not  be/uKf  intrwivtly.  These  rocks  may  be  called  Nok- 
Intbubivb-Plctomic. 

3rd  Stage,  a  further  advance  on  the  last,  by  which  the 
crystalline  products  have  been  enabled  to  bunt  through  the 
fUffvundijig  rockt.  Under  this  head  there  are  two  sub- 
divisions. The  first  indudee  those  portions  of  the  intrusive 
mass  which  never  reach  the  surfaoe,  and  harden  under 
pressure.  These  may  be  distinguished  as  IntbubivS' 
PLxrroino,  or  Isbttptivx.  The  second  subdivision  takes 
in  the  loicks  which  hurst  out  on  to  the  surface  and  form 
subaerial  or  submarine  flows.  These  may  be  styled 
Hbuttivb. 

Our  next  care  will  bo  to  specify  the  petrological  form 
under  which  each  rock  presents  itself ;  and  the  principal 
petrological  forms  under  which  CWstalUne  rocks  occur,  are 
— Beds,  i.t.  true  strata,  Masses,  Dykes,  Veins,  Necks,  In- 
trusive Sheets,  and  Oontemponmeoua  ^eets  or  Flows. 

D.D.t.zea  by  Google 


Lastly,  the  numeralugical  composition  may  be  denoted 
by  an  adjective,  such  ae  Granitic,  Dioritic,  Basaltic,  and 
aoon. 

The  general  scheme,  then,  will  stand  as  under ; — 
GmiUL  CiuiMiFicATioH  OF  Cbtbtaujni  Bonu. 


VMui  otTornMoa. 


A.— MniMOBPHlD 


B. — Noif-lKTmcsivBPtiraoinc 


C. — Ibbvftitb 


D. — Escpnvi 


tirctlj 


Djkae 

FIOWB 


QiuTtait«,Pon)eUBiut«, 
Ctysulline  Litne- 
■tona,  wms  Qraiutic 


I  Felsitio,  Tnchytic,  Ba- 
I  Baltic,  DolenCio,  ftc. ; 
I  some  Qraoitio,  Symi- 
V     tio,  and  Diorilic  rocks. 

SFalntio,   TiAchTtic,   &•• 
■altic,  Dolentu),  &o. 


The  tenninoloRT  of  the  first  column  of  the  above  table 
is  by  no  means  all  that  could  be  wished  for.  The  restric- 
tion of  the  term  Metamorphic  to  one  class  of  a  body  of 
rocke,  the  whole  of  which  are,  according  to  our  statement, 
of  metamorphic  origin,  is  undesirable,  and  Non-Intrusive 
Plutonic  is  the  reverse  of  elegant.  But  it  will  be  time 
enough  to  set  about  coining  new  terms  when  it  is  seen 
wheuier  the  scheme  now  put  forward  tentatively  meets 
with  approval.  Till  then,  it  seemed  better  to  adopt  terms 
already  m  use,  even  though  they  are  employ^ed  in  a  sense 
slightly  different  from  their  common  acceptation. 

An  application  to  one  or  two  actual  iuBtaoces  will  per- 
haps make  the  above  scheme  more  intelligible.  The 
stratified  Qranites  of  Donegal  will  according  to  it  be  de- 
scribed OS    Qnmitio  Mitiimorphie  Beii.      The  Oranite  of 
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FriesUav  will  be  a  Granitic  yon-Intnuive-PluUmic  Matt. 
The  Oranitea  of  Devon  and  Cornwall  will  be  Granitie 
Irrvptive  Matiet.  In  Arthur'e  Seat  the  Intruaive  Sheets  of 
Trap  will  be  SoWitic  Jrrupiivt  SAteti;  the  interbedded 
Traps,  Doleriiie  Eruptive  Floien,  or  simplr  IhUritie  Flowi ; 
the  rock  of  the  eiunmit  a  Bataltio  Ervptvoa  Netk,  or  aimply 
a  Baialtie  Ned.  Necks  and  Flows  beine'  neceesarily  Erup- 
tive, the  adjectiTe  in  theii  cose  may  be  oi-opped. 
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CHAPTER  TX. 


"They  we  nisod  for  erer  and  otot 
And  amk  aigua  into  sleep." 

Tmrnnaow. 


WE  have  now  learned  the  vets  in  which  the  difierent 
kinds  of  rocks  oomposin^  the  earth's  crust  were 
formed,  and  the  modifications  of  etmoture  which  some  of 
them  have  undergone  since  their  formation  ;  our  next  step 
will  be  to  inquire  into  the  changes  of  position  they  have 
Buffered,  and  how  these  changes  were  brought  about. 

DuplacsmantM  which  Sahuariue  B«ds  huve  Uaf- 
fared. — A  large  number  of  the  rocks  of  the  earth's  crust 
were  originally  formed  in  approximately  horizontal  beds  at 
the  bottom  of  the  sea,  but  this  is  not  the  positioii  we  now 
find  many  of  them  in.  They  have  frequently  undergone 
two  very  important  displacements. 

First,  they  have  been  raised  hiph  and  dry  into  the  tai, 
sometimes  even  up  to  the  Bummits  of  lofty  mountains; 
secondly,  the  beds  mto  which  they  u«  divided  are  no  longer 
horizontal,  but  inclined  to  the  horizon  at  all  angles  from 
the  gentlest  slope  up  to  becoming  absolutely  Terti<»I,  often- 
times bent  into  oroad  folds  or  puckered  up  into  the  sharpest 
and  most  complicated  cimes,  in  some  cases  even  turned 
over,  60  that  tie  stratum  originaJly  at  the  bottom  is  now 
uppermost. 

It  will  conduce  to  clearness  of  ideas  if  far  the  present  we 
consider  these  two  displacements,  the  upward  rise  of  the 
beds  and  the  displacement  of  them  from  their  originally 
horiiionta]  position,  as  separate  facts ;  but  we  shall  see  in 
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the  end  that  it  is  very  possible  they  ai«  both  due  to  the 
Bame  cause. 

SECTION  n.— VEfiTICAl  ELEVATION. 

Two  poMibls   aq?lftn»tiom    of  BlevatiMi.  —  The 

preseiic«  of  beds,  vhidi  were  formed  beneath  the  sea  at 
different  heights  abore  its  present  level,  ma;  be  acconnted 
for  in  two  ways.  Either  uie  sea  has  shrunk  and  had  its 
level  lowered,  or  tracts  which  were  once  beneath  its  waters 
have  been  raised  into  dry  land,  other  tracts  being  depressed 
to  form  receptacles  for  ttte  water  thus  displaced. 

Argumenta  againvt  a  Lowering  of  the  Bam^arrtl. 
— There  are  many  insuperable  difficulties  in  the  way  of 
accepting  the  first  explanation.  According  to  it,  the  ocean 
must  have  stood  in  some  cases  upwards  of  ten  thousand 
feet  above  its  present  level,  and,  as  a  rise  in  the  sea-level 
must  be  univetsal,  the  whole  of  the  globe  must  hare  been 
submerged  to  this  depth.  Here  we  are  at  once  met  by  the 
difficulty  of  getting  rid  of  so  enormous  a  bulk  of  water,  a 
difdcully  which  is  very  much  increased  by  the  fact  that 
Geology  shows  that  the  relative  level  of  the  sea  and  land 
has  osciUatod  upwards  and  downwards  over  and  over  ^^ain ; 
BO  that  we  have  not  a  general  decrease  in  the  waters  of  the 
ocean  to  account  for,  but  countless  repetitioas  of  alternate 
swelling  and  ahrinking. 

Further,  to  take  a  particular  instance,  marine  strata, 
belonging  to  what  is  known  as  the  Nummulitic  formation, 
are  found  in  the  Alps  and  other  mountains  at  a  greater 
height  than  that  just  named ;  if  the  sea  ever  reached  up  to 
the  level  where  they  now  occur,  nearly  the  whole  earth 
must  have  been  under  water,  and  nothing  would  have  been 
left  in  the  shape  of  dry  land  but  a  few  islands  formed  by 
the  peaks  of  the  highest  mountains.  But  in  France  and 
England  there  are  Eetuarine  and  Lacustrine  deposits  con- 
taining the  remains  of  land  animals,  of  the  same  a^  as 
the  Nummulitic  beds,  and  this  shows  that  at  the  time  when 
the  latter  were  being  formed  extensive  tracts  of  land  existed 
at  no  great  distance  from  the  spot  where  they  attain  so 
great  an  elevation.  It  is  evidently  impossible  that  the  sea- 
level  should  have  retained  its  present  position  in  England 
and  France,  and  at  the  same  time  stood  so  much  higher  in 
Switzerland.  Besides,  the  veiy  existence  of  Derivative 
rocks  requires  land,  from  the  wast«  of  which  the  materials 
necessary  for  their  formation  may  be  derived.    But  where 


)  by  Google 


shall  we  find  land  enongh  if  the  whole  gLobe  was  aub' 
merged  to  these  great  depths  ? 

Again,  the  hypothesis  of  the  lowering  of  the  sea  explains 
only  one-half  of  the  facts  we  have  to  account  for ;  no 
alteration  in  the  depth  of  the  ocean  will  tilt  beds  orig^ally 
horizontal,  or  fold  and  contort  them. 

Tha  KAndhaa  gma  up,  not  tli«  Baa  gone  down. — For 
these  and  .other  siinilar  reasons  we  cannot  allow  of  the  pos- 
sibility of  such  oscillations  in  the  sea-level  as  are  required 
by  the  first  explanation,  and  are  driven  to  attribute  the 
occurrence  of  marine  beds  in  inland  and  lofty  situations  to 
an  elevation  of  the  aea-bed,  by  which  tracta  once  below  its 
waters  have  boen  upraised  and  turned  into  dry  land.* 

Denodfttioii  gives  Proof  of  IilOTaition.-^The  pheno- 
mena of  denudation  point  to  the  same  condusion.  The 
wear  and  tewr  of  the  land,  which  is  eveiywhere  going  on 
slowly  but  without  ceasing,  if  it  had  been  allowed  free  play 
-withiiut  any  counteracting  influence,  must  long  ago  nave 
swept  away  everything  exposed  to  its  action,  and  have  re- 
duced the  land  to  a  dead  flat  but  little  raised  above  the 
soa-level. 

This  has  not  happened,  and  there  must  have  been  there- 
fore some  antagonistic  force  at  work  to  counteract  the  levels 
ling  tendency  of  denudation.  Just  what  we  want  would  be 
supplied  by  forces  of  elevation,  which  from  time  to  time 
raised  sea  bottoms  into  dry  land,  and  so  formed  new  con- 
dnents  to  take  place  of  those  which  had  been  worn  down 
by  denudation. 

Znstaaooa  of  obsarrod  OsoUlatioii  of  lAnd. — Con- 
siderations such  as  these  would  be  quite  enough  to  con- 
vince us  that  changee  in  the  relative  level  of  the  land  and 
sea  have  occurred,  and  have  been  produced  by  movempnt« 
of  the  solid  crust,  and  not  by  an  alteration  in  the  bulk  of 
the  ocean,  even  if  no  oases  of  such  movement  had  actually 
come  under  observation.  Our  position  will,  however,  be 
all  the  stronger  if  we  can  point  to  actual  instances  where 
movements  of  the  land  have  been  observed,  and  this  we 
fortunately  can  do. 

The  weU-known  case  of  the  Temple  of  Serapis,  at  Fuz* 
zuoli,  near  Naples,  shows  that  within  the  historic  period 
the  spot  where  it  stands  was  once  bmeath  the  sea;  was 
afterwards  upraised  and  became  the  site  of  a  temple  older 
than  the  one  whose  remains  are  now  standing ;  was  pos- 
sibly again  submerged  and  again  upraised  before  the  build- 

*  Tha  whola  quation  u  lacidlj  tmttvd  by  Playfiur,  Worti^  I  132. 
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ing  of  the  present  ruin ;  wae  aeain  let  down  till  the  eea 
rose  at  leaat  some  twenty  feet  above  the  paTement  of  the 
temple ;  was  amin  raised  into  dry  land,  and  is  now  slowly 
sinking  again.* 

Then  again  we  have  the  case  of  the  Scandinavian 
peninsula,  where  there  is  good  reason  to  believe  that 
within  the  memoiy  of  man  the  northern  part  of  the  coun- 
try has  been  rising,  perhaps  at  the  rate  of  two  or  three 
feet  in  a  centuiy;  that  the  movement  lessens  as  we  go 
Bouthwords  tin  about  Stockholm  the  land  is  stationaiy ; 
and  that  still  further  south  motion  ie  going  on  in  me 
opposite  direction  and  the  land  is  slow^  smlin^.t  It 
will  be  seen  how  a  case  like  this,  and  it  is  not  an  isolated 
one,   effectually  disposes  of  anv  attempt  to  explain  the 

{ihenomena  we  are  oonaidering  by  a  lowering  of  the  sea- 
Bvel. 

We  have  distinct  proofs  of  oscillations  of  level  in  our 
own  country  at  no  very  distant  period.  Every  here  and 
there  round  the  northern  part  of  the  island  we  find,  at  a 
height  of  from  twen^  to  thirty  feet  above  the  present  mean- 
tide  level,  a  fiat  terrace  stretching  inland  for  a  distance 
varying  from  a  few  yards  to  several  miles,  and  bounded 
on  die  landward  side  by  a  line  of  bluffs,  beaiing  a  strong  re- 
semblance to  a  sea-cUff .  The  subsoil  of  thin  terrace  consists 
of  Sand,  Silt,  and  Shingle,  occasionally  enclosing  shells  and 
other  manne  remains,  and  in  some  cases  human  imple- 
ments and  canoes.  This  terrace  is  evidently  an  old  sea- 
beach,  and  shows  that  the  land  at  one  time  stood  some 
twenty  or  thirty  feet  lower  than  it  does  now,  and  remained 
in  that  position  long  enough  to  give  the  sea  time  to  cut 
a  notch  m  the  solid  rock  as  a  record  of  its  former  level,  and 
to  strew  the  fioor  of  that  noteh  with  shore  deposits.  In  the 
elevation  that  followed  the  land  was  raised  to  a  greater 
height  than  at  present,  for  we  constwitly  find  stretching 
out  below  the  sea  the  remains  of  buried  forests,  the  trees 
of  which  not  only  grew  on  diy  land,  but  could  have  attained 
their  siiie  and  luxuriance  oiJy  in  situations  sufficiently  far 
inland  to  be  removed  from  the  blighting  influence  of  sea 
breezes.  We  have,  therefore,  evidence  of  a  time  when  the 
land  was  lower  than  now,  of  a  su1>sequent  upheaval 
whioh  raised  it  above  its  present  level,  and  in  fact  pro- 
bably connected  it  with  the  continent  of  Europe,  and  after- 

■  For  detail*,  tee  Lyell't  Prin-  f  Lydl'i   Piindplet,   toL    u. 

dplea,  vol.  ii.  abiip.  xxx. ;  Qnar'.      chap.  xixL 
Jdbiii.  OmL  800.,  lii.  ise. 
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warda  of  a  depression  wUch  produced  its  present  tneular 
condition.* 

BabiusTganca  prodniwd  1^  a  Polar  loaoap. — Thcve 
is  one  poesible  means  by  which  a  change  might  have  been 
produced  in  the  position  of  the  Bea-lerefwithout  any  more- 
ment  on  the  part  of  the  land,  tiiat  ought  not  to  be  passed 

We  hare  evidence  that  there  hare  been  times  when  the 
climate  of  the  polar  and  temperate  regions  became  far 
more  severe  than  at  present,  and  it  seems  likely  that 
these  oold  periods  shifted  from  one  hemiephere  to  the 
other  perhaps  several  times  over  during  a  long  lapse  of 
years.  It  has  been  supposed,  that,  in  consequence  of  this, 
enormous  accumulations  of  ice  gathered,  now  round  the 
northern  aud  now  round  the  Bouthem  polar  regions,  which 
reached  down  far  into  the  temperate  zones.  Should  such 
caps  of  ice  ever  form  around  the  poles,  their  attraction  would 
tend  to  draw  the  water  of  the  ocean  towards  the  pole  around 
which  they  were  placed,  and  so  raise  the  ocean  level  in  the 
correeponding  hemisphere. 

There  is,  however,  conniderable  doubt  whether  this  cause 
has  ever  really  been  in  action.  That  there  have  been  these 
periods  of  intense  cold  is  beyond  question ;  but  there  is  no 
evidence  to  show  that  there  ever  was  a  continuous  cm  of 
ice  spreading  away  in  every  direction  from  the  pole.  There 
is  distinct  proof  that  during  these  times  every  region,  whose 
configuration  made  it  a  good  gathering  ground,  became  a 
great  snow-field,  and  a  centre  from  which  ice-sheets  and 
gladere  were  shed  off,  bat  all  the  known  facts  are  dead 
against  the  idea  of  the  northern  regions  having  being  ever 
swathed  in  one  general  covering  of  ice.f 


The  instances  we  have  g^ven  furnish  proof  of  up  and 
down  moveuLenta,  by  which  rocks  formed  beneath  the  sea 

*  Far  other  sues  of  osdllation  Heath,    Phil.   Hag.,   4th  seriei^ 

of  level,  see  Geo!.  Mag.,  tul.  viiL  mi.  201,  SaS ;  Pratt,  Phil.  Mag., 

pp.  300,  430  ;  Satme,  i.  381.  ith  Beries,  Tud.  172.  £32 ;  Fitpira 

t  On  this  subject,   Bee  Adha-  of  the  Earth,  4th  ed.,  p.  236 ;  O. 

lnM,It6'rolutiDn«de1aMer(Leip-  Fisher,    The  Render,  Feb.    lOlh, 

Dg,  1843]  {   CroU,  The  Reader,  1866;  and  The  Reader,  SDlh  Jan., 

Sept.  ioi,  Dec  2iiil,  Deo.   9th,  Feb.  S4th,  Maich  nth,  1866  ;  and 

ISflS.Jan.  13th,  1866;  PhiL  Mag.,  fora  Bumoiary,  Croll's  "GliinatS 

*lh  •eriea,  Eizi.  301  (Ap.  1806] ;  and  Time,"  ohap.  xxiii. 
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are  raieed  above  its  lereL  But  this  ib  not  all  that  has 
happened  to  them.  la  the  case  of  Htmti£ed  deposits  we 
know  that  their  beda  must  hare  been  at  the  time  of  their 
formation  approximately  in  a  horizontal  position ;  there 
would  be  exceptions  when  senliment  was  thrown  down  by 
currents  in  sloping  layers,  but  these  are  nnimportant  in  a 
general  view,  and,  speaking  broadly,  we  may  say  that  beds 
of  sedimentary  rocks  were  originally  horizontal.  But  this  is 
not  the  positon  in  which,  in  many  cases,  we  now  find  them, 
and  hence  we  learn  that  rocks  have  been  affected  by  other 
movements  besides  that  of  mere  vertical  elevation.  A  mo- 
ment's reflection  on  the  way  in  which  sedimentary  tocks 
were  formed  would  be  quite  enough  to  convince  us  that  they 
oould  not  have  been  deposited  in  the  inclined  positions  in 
which  we  often  see  them  ;  but  one  or  two  other  facts  lead- 
ing to  the  same  conclusion  may  be  just  mentioned.  The 
surface  of  such  beds  often  bear  ripple-marks,  rain-pittiuge, 
and  the  tracks  of  animals,  which  could  not  possibly  have  been 
impressed  on  them  in  their  present  highly  inclined  position. 
We  occasionally  find  embedded  in  rcwk  the  trunks  of  trees 
still  rooted  in  the  soil  in  which  they  grew,  and  inclined  at 
the  same  angle  to  the  vertical  as  the  beds  are  to  the 
faorizon.  We  cannot  suppose  these  trees  grew  in  such  an 
unusual  position ;  but  if  we  suppose  them  to  have  sprung 
up  when  the  beds  were  horizontal,  and  to  have  shared  in  a 
subsequent  tilting,  their  position  will  be  satisfactorily  ex- 
plained. Again,  if  we  examine  a  deposit  of  Shingle  we  find 
a  tendency  among  the  pebbles  to  arrange  themselves  with 
their  flat  surfaces  and  longer  axes  horizontal ;  but  wher- 
ever we  find  inclined  beM  of  old  Shingle  or  Ckinglo- 
merate,  the  flat  surfaces  of  the  pebbles  are  parallel  to 
the  bedding,  showing  that,  since  the  former  were  depo- 
sited horizontally,  the  same  must  have  been  the  case  with 
the  latter. 

We  will  now  go  on  to  consider  the  displacements  rocks 
have  undei^ne  from  their  originally  horizontal  lie,  and 
define  the  terms  used  in  describing  them. 

Dip, — ^Where  strata  have  been  tilted  from  s  horizontal 
position,  their  inclination  to  the  horizon  is  called  the  Dip. 
The  amount  of  dip  may  be  stated  in  degrees,  or  by  saying 
that  die  bed  rises  or  falls  so  much  in  a  given  distance.  Thuti, 
in  Fig.  65,  if  AB  C  be  the  surface  of  an  inclined  stratum, 
0£  C  a  horizontal  plane,  ^0  vertical  and  ^iJperpendiCTilar 
ia  B  C,  the  angle  ADO  ia  the  dip  of  the  bed ;  and  if  this 
angle  be  measured  and  found  to  be  19  degrees,  we  may 
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taj  tliat  this  ia  the  amount  of  the  dip ;  or  einoe  SO  is  in 
'  thiB  cue  three  timee  ae  long  aE  AO,  ve  tokj  say  the  dip  is 
1  in  3,  or  12  inohee  to  tiie  yard.  The  beanng  of  the 
line  D  0,  which  may  be  detennined  hj  a  oompaas,  is  the 
direction  of  the  dip. 

■teika, — The  line  B  C,  at  the  interseotion  of  the  inolined 
bed  vith  a  horiccoital  fJane,  is  called  ita  Strike  or  Ltttl 
littt,  and  is  described  hj  its  compass  bearing. 

Perhaps  the  simplest  illnstration  of  dip  and  atrihe  may 
be  given  by  holding  a  board  or  slate  in  an  inclined  posi- 
tion in  a  troagh  of  water.  The  inteisection  of  the  surface 
of  the  vat^  with  the  slate  is  neoeesarily  horizontal,  and 
gives  the  line  of  strike  ;  if  a  drop  of  water  be  placed  on 
the  slate  it  will  run  down  the  steepest  line  on  it,  and  this 


Fig.  U. 


is  the  line  of  dip.  In  praotioe  a  qosny  partly  filled  with 
water  ia  the  best  posuble  place  for  determining  dip  and 
strike. 

To  put  the  definitions  as  ahortly  as  possible,  we  may  say 
that  the  line  of  dip  is  the  line  of  gr»ate*t  inelination  that  can 
be  drawn  on  the  surface  of  a  bed ;  the  line  of  strike  is  the 
line  of  fM  inetinatien. 

HvMnroinMit  of  Dip. — If  we  have  the  surface  of  a 
bed  laid  bare,  we  can  determine,  by  an  instrument  for 
measuring  angles,  called  a  Clinometer,  the  direction  of  a 
level  line  on  the  bed,  and  then,  by  measuring  the  in- 
clination along  a  line  at  right  angles  to  the  level  line,  we  got 
the  amount  of  the  dip.  Or  the  £p  may  be  measured  on  an 
exposed  face  of  rock,  such  as  a  dtS  or  the  wall  of  quarry ; 
but  in  sach  a  case,  in  order  to  determine  its  full  amount, 
it  is  necessary  that  the  face  should  be,  like  AOD,  per- 


)  by  Google 


ODTCBOP.  841 

pendiculAF  to  tlie  stride ;  if,  for  instaiice,  a  measurement 
■waa  made  on  t&ees  saoh  as  AB  0,  ACO,  tke  observed 
anglea  wonld  be  leaa  than  tke  full  amount  of  the  dip.* 

la  pTMtice  it  often  happens  that  ire  cannot  find  a 
vertical  face  running  along  the  tme  dip;  but  ve  can 
generally  get  measorements  of  the  apparent  dip  along  two 
uices,  Tnalring  a  large  angle  with  one  another,  from  which 
the  amount  and  direction  of  the  fuU  dip  may  be  determined 
^  calculation,!  or  bv  a  graphical  method  given  in  the 
wological  Magmint,  X.  332.  A  little  practice,  however, 
will  generally  enable  ns  &om  two  such  omervationB  to  make 
an  estimate  of  the  fuU  dip  quite  near  enough  for  all  prao- 
tioal  purpoaes. 

Ontovop. — The  line  along  which  a  bed  cuts  the  surface 
of  the  ground  is  called  its  (hUerop  or  Bautt.  If  the 
surface  be  horizontal,  the  outcrop  and  strike  will  coin- 
cide, but  this  wiU  not  be  the  case  on  undulating  ground 
imless  the  bed  be  absolutely  vertical ;  for  all  other  inclina- 
tions the  outcrop  will  wind  about  with  the  inequalities  of 
the  surface,  and  the  bendings  vrill  be  larger  the  smaller 
the  dip. 

The  way  in  vhich  the  outcrop  of  &  bed  of  moderate 
incUmition  winds  round  hills  and  runs  up  and  down  vallsys 
ifi  at  first  somewhat  puzding,  and  any  attempt  to  explain 
it  verbally  would  only  lead  to  increased  confusion.  The 
be^nner  will  derive  much  asBistance  from  models  such 
as  those  of  Mr.  Sopwith,  or  he  may  construct  ruds 
models  for  himself  by  laying  a  few  layers  of  putty, 
separated  by  sheets  of  coloured  paper,  in  an  inclined 
poeitiou,  cutting  valleys  across  uiem,  and  noting  the 
difference  in  the  figures  formed  by  the  edges  of  the  paper, 
according  as  the  ground  is  inclined  in  the  same  direction 
as  the  beds  or  not,  and  as  the  slope  of  the  surface  is 
greater  or  lees  than  the  dip  of  the  beds;  he  wiU  be  in  a 
better  case  still  if  he  has  an  opportunity  of  examining  on 

*  For  taUa  giving tiie  smonnt  Oaol.  Sarrey  of  England),  p. 
of  dip  slong  ■  line  iaolined  to       )1S. 

that  of  the  foU  dip,  MS  Jnkai's  f  Let  <  ud  tf' bo  the  two  ob- 

HuinaL  Amundiz   L.  and  the      Mrrod  dipi  ABO,AC0,D  the 
taa.iiv^^0:BOC=^B0D 
'   "  "  "      «  -H  »,  then 
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undulating  oountry  where  the   run  <tf 
the  beda  can  be  eaBily  tracod. 

Undulations  and  Contorfeunui. — It 

very  rarely  happens  in  nature  that  the 

dip  of  the  bed  is  constant  for  any  long 

dietanoe ;  it  frequently  variee   both  in 

g    amoimt    and  direction    from    point    to 

p    point.   When  the  changes  are  small  and 

J    gentle,  a  aeries  of  easy  roUe  or  undu- 

Q    lationa  is  produced.     In  other  cases  the 

■    foldings  are  excessively  sharp  and  sud- 

I    den,  and  the  beds  ar«  then  said  to  be 

S    amiorted. 

ij  Undulations  and  contortions  may  be 
A  present  on  a  small  scale  without  int«r- 
1^  fering  with  the  general  dip  of  the  beds ; 
S  thus,  in  Fig.  56,  the  beds  on  the  left 
S  have  been  thrown  into  a  series  of  broad 
"  gentle  folds,  and  towards  the  right  have 
g  been  puckered  up  into  sharp  curves,  but 
C  preserve,  in  spite  of  these  lesser  irregu- 
*  larities,  a  general  dip  from  the  right 
§  towards  the  left. 
n       A  case  of  violent  contortion  on  a  small 


^  stones  in  North  Staffordshire. 
^  Fig.  58*  ahows  another  ease,  where 
.  beds  of  solid  Limestone  have  been  bent 
3    to  the  form  of  an  inverted  "W.     It  is  in 

0  mountain  chains  that  such  foldings  and 

1  crumplings  occur  on  the  grandest  scale, 
;3  the  beds  sweeping  np  and  down  in 
c  curves  of  enormous  radius,  and  bending 
p    in  and  out  in  countless  and  most  abrupt 

I    plications.      This    structure    has    been 
S   found  to  a  greater  or  less  degree  in  all 
M  mountain  ctuins  that  have  been  geolo- 
C    gically  esamined;  a  fact  to  be  carefully 
Dome  in  mind,  because  the  invariable 
presence  of  intense  contortion  in  all  ele- 
vated ranges  throws,  e&  we  fihaQ  see  in 
■  BongMv  reduced  fmta  %  photogntph  inued 
by  the  Geola^cal  and  Folyieohoio  Sooe^  of 
ttie  Weat  Riding  of  TorUun. 
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Chapter  XI.,  great  light  os  the  theory  of  the  process  of 
mountain  formafion. 

The  fcJlowing  terms  axe  ased  in  oonnecdon  with  the 
larger  uudulatioiis. 

Antioliaal  and  SruoliiuJ ;  Dom«  and  Ba^it. — When 
the  beds  have  been  bent  into  the  form  of  arches,  these  are 
called  AftielinaU  or  SaidUi,  and  the  hollows  between  them 
SyttcUnali  or  H'omght. 


Fig.  f  9.— Uaf  or  am  Ajthclinal. 

In  both  Antidinale  and  Synclinals  the  line  in  each  bed, 
along  which  the  change  in  the  direction  of  the  dip  takes 

C'    le,  is  calUd  the  Anticlinal  or  Sj/neliiuU  Axi*  of  that 
;  and  the  planes  containing  all  the  axes  of  an  anticlinal 
ridge  or  synclinal  trough  are  called  Atii  planM. 

If  the  beds  dip  away  in  all  directions  from  a  centre,  they 
are  said  to  have  a  qud^uacerial  dip,  or  to  be  dimtd  ;  and  u. 
they  dip  eveiywhere  towards  a  centre,  they  have  a  eentro- 
cUnal  dip,  ot  form  a  hatin. 
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An  anticlinal  runs  on  as  long  as  its  azea  are  horizontal 
or  onlj  gentlj  inclined  ;  it  is  bronght  to  an  end  when  ihey 
begin  to  bend  down  sharply.  A  complete  anticlinal  con- 
sists of  a  long  ridge  terminated  at  each  end  by  the  half  of 
a  dome ;  in  fact,  an  anticlinal  ie  nothing  but  an  elongated 
dome.  A  synclinal,  in  the  eame  way,  is  a  long  trough  with 
half  a  basin  at  each  end,  or  an  elongated  basin. 

Anticlinals  and  synclinalB  are,  however,  often  abruptly 
truncated  by  tlie  di^ocations  known  as  faults. 

Antieliitftl. — ^A  sketch  map  and  sections  of  an  anti- 
clinal ridge  are  given  in  Figs.  59,  60,  and  61,  the  arrows 
showing  the  direction  of  the  dip.     In  the  southern  part 


of  the  map  the  beds  ere  thrown  off  both  to  the  east  and 
west  from  a  centml  line  or  axis,  as  shown  in  the  eection. 
Fig.  60 ;   their  outi  ropa  wind  about  with  the  inequalities 


Fig.  SI.— Sectidk 


of  the  ground,  but  keep  on  the  whole  a  northerly  and 
southerly  strike.  On  the  east,  owing  to  the  smaller  dip 
and  the  flatuees  of  the  surface,  the  outcrop  of  No.  3 
is  much  broader  than  on  the  west  dde.  TowGxds  the 
north,  however,  the  r^^ular  dip  to  either  side  becomes 
gradually  exchanged  for  a  dome-shaped  bedding,  the 
strata  fall  away  m  aU  directions,  and  the  antiohnal  is 
terminated  by  a  half  dome,  around  which  the  easterly  and 
westerly  outcrops  bend  till  they  join  one  another.  The 
second  section  shows  this  change  in  dip ;  its  eoatheni  part 
runs  along  the  anticlinal  axis,  and  the  beds  are  tlierefore 
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but  towards  the  north  they  bond  down,   and  the 
&  memben  come  on  one  over  the  other,  just  as 
along  tlie  flanks  of  the  arched  area  on  the  south. 
Dmne, — ^As  an  illustration  of  dome-Bhaped  bedding,  or 


Fig.  62. — Obolooical  Si[m:H-H 


quaquavergal  dip,  I  hare  chosen  Simon's  Seat,  a  conspi- 
cuous hill  in  Wharfedale,  the  structure  of  which  has  been 
kindly  explained  to  me  by  my  friend  Mr.  J.  E.  Dakyus. 


Fig.  63. — SiCTTOH 


Figs.  62,  63,  and  64  show  a  sketch  plan  of  the  hill  and  two 
8  across  it.    The  rocks  of  which  it  is  composed  ar^— 
6.  Gritstone.     (Top.) 
4.  Shale. 
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3.  Gritatone.. 

2.  Shale. 

1.  Limwtonfl.  (Bottom.) 
The  beds,  as  shovn  b;  the  arrows  on  the  plan  and  by  the 
eedioiie,  dip  away  in  all  directioiis  from  a  centre,  around 
which  their  outcrops  nut  in  ooncentrio  curreB.  Thus  in 
the  middle  we  have  a  patch  of  No.  2 ;  this  is  enclosed  b; 
a  belt  of  No.  3,  which  is  in  its  turn  Barrounded  by  a  ring 
of  No.  4.  The  outennoet  baud,  formed  by  the  outcrop  (S 
No.  S,  is  not  complete,  a  portion  having  been  removed  by 
denudation.  The  Limestone  does  not  actually  come  to  the 
surface  in  the  centre  of  the  dome,  but  it  is  brought  up  by 
a  change  of  dip  on  the  north-west  side  of  the  hilt,  and  seen 
to  underlie  the  Bhale  No.  2,  and  it  must  therefore  form  the 
great  mass  of  the  interior  of  the  hill. 


Very  beautiful  illustrationa  of  domes  ore  sometimes  seen 
on  the  sea-coast,  when  the  waves  have  planed  away  the 
summit  and  laid  bare  a  horizontal  section  perpendicular 
to  the  axis  of  the  dome.  A  good  instance  occurs  near 
Berwick-on-Tweed.  The  rocks  consist  of  alternations  of 
hard  Limestones  or  Sandstones  and  soft  Shales,  and  at 
one  spot  they  have  been  thrown  into  a  dome  almost  per- 
fectly circular  in  outline.  The  top  of  this  has  been  sliced 
across  in  the  way  just  mentioned,  and  the  conoentrio  rings 
formed  by  the  outcrops  of  sucoessive  beds  are  moat  dis- 
tinctty  exhibited.  The  structure  comes  out  with  singular 
clearness,  because  the  outorop  of  each  hard  bed  stands 
up  above  those  of  the  softer  measures  on  each  side ;  and 
thus  there  is  produced  a  set  of  concentric  ciroular  low 
reefs,  separated  by  grooves  in  which  w&t«r  remains  after 
the  fkll  of  the  tide  has  laid  all  around  dry. 

Syitolliinl  Mid  BabIb. — A  case  of  a  synclinal  trough  ts 
shown  in  Figs.  65,  €6,  and  67,  which  are  a  map  and  sec- 
tions of  a  part  of  a  long  synclinal  in  North  StsSordshire, 
known  as  the  Ooyt  Trough. 

The  general  synclinal  lie  over  the  greater  part  of  the 
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Fig.  6S.— OcoLOOiou.  Sritch-hap  or  a  ±-abt  cp  tbi  G«ti  Tmdox. 

Soil*  1  bwh  to  ft  mil*. 
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map  is  woll  shovn  by  the  beds  I,  2  and  3,  Those  out- 
aopa,  in  epite  of  wmdinga  due  to  inequaJitieB  in  the 
ground,  striKe  peraistently  north  and  south,  and  which  dip 
inwards  on  both  sidee  towards  a  central  axis,  oa  shown  in 
the  second  of  the  sections.    The  trough,  however,  is  sub- 


divided by  lesser  undidations  into  several  minor  basins. 
The  first  section  runs  across  one  of  these.  Here  the 
general  easterly  dip  of  the  western  half  of  the  trough  is 
exchanged  about  ibe  centre  for  a  dip  to  the  west,  and  a 
uualler  interior  trough  produced.  The  beds  then  roll 
over  and  resume  their  easterly  dip  up  to  a  fault,  beyond 
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whioh  they  put  on  ttkfi  westerly  dip  whidk 
prevails  along  the  eastern  half  of  the 
trough. 

Another  well-marked  basin,  in  the  centre 
of  which  a  detached  patch  of  the  bed  6 
nestles,  is  Been  towards  the  southern  end  <^ 
the  map.  The  beds  here,  as  shown  by  the 
arrows,  dip  on  every  side  inwards  towards 
a  centi«,  and  the  outcrops  run  in  concontrio 
rings  round  the  central  area  of  the  highest 
member. 

This  trough  is  terminated  on  the  south 
by  a  half-basin,  the  simple  synclinal  lie 
being  exchanged  for  inclinations  to  the 
north-east,  north,  and  north-west,  and  the 
outcrops  on  either  side  wind  round  till  they 

Paralleliam  of  AaUolinalB. — It  fre- 
quently happens  that  anticlinal  ridges  show 
a  tendency  to  run  rudely  parall^  to  one 
another  over  large  areas. 

Cla»M  of  Antiolinals. — Anticlinals 
may  be  distinguished  according  to  their 
transverse  seotaou  into  three  classes,  exam- 
ples of  which  are  seen  in  Fig.  6B,  which  is 
a  general  section  after  Professor  H.  D. 
Bogers,  across  the  Appalachian  Mountains. 

In  the  first  dasB  tne  beds  on  opposite 
sides  are  eijuallv  inclined  to  the  horizon, 
and  the  axis  plane  is  therefore  vertical. 
This  symmetrical  form  is  common  among 
gentle  undulations  of  considerable  width, 
such  as  are  seen  in  the  left  of  the  section. 

In  the  second  class  the  beds  are  more 
steeply  inclined  on  one  side  than  on  the 
other,  so  that  the  axis  plane  is  no  longer 
vertical ;  foldmgs  of  this  kind  occur  in  the 
middle  of  the  section,  and  it  will  be  noted 
that  in  all  of  them  the  steeper  side  of  the 
arch  faces  the  west. 

In  the  third  dass  the  rocks  are  doubled 
under  on  the  steeper  side  of  the  fold,  so 
that  the  upper  beds  plunge  down  on  that 
side  beneath  those  which  before  disturbance 
lay  below  them.     The  axis  plane  here  is . 
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inolin^  to  the  horiton,  but  at  a  smaller  angle  than  the  beds 
on  the  steep  side.  This  form  preroila  towards  the  right 
hand  of  the  section. 

These  three  fomu  are  seen  in  the  instance  before  ns  to 
pass  into  one  another,  and  the  theoiy  of  their  fcmnation 
will  be  touched  on  in  Chapter  XI. 

loTarsicm. — Instances  of  inrersion  of  the  beds,  snch  as 
that  which  occun  on  the  stoep  side  of  the  anticlinala  last 
mentioned,  are  not  uncommon,  specially  in  intensely  con- 
torted mountain  r^ons.  A  simple  case  is  shown  in  Fift- 
69,  which  is  a  section  in  the  neighbourhood  of  Pembroke. 
There  are  three  groups  of  rocks. 

3.  CarbonifeiouB  Limestone.     (Top.) 

2.  Lower  Limesttme  Shale. 

1.  Old  Bed  Sandstone.    (Bottom.) 

There  is  ample  evidence  in  the  neighboui^ood  that,  when 
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they  have  not  been  disturbed  from  their  original  position, 
the  three  groups  lie  one  on  ilie  other  in  the  order  indicated 
above ;  and  they  are  found  in  their  nonnal  poaitioii  on 
both  sides  of  the  Bynclinol  troofh  on  the  bou&.  On  the 
north  ude  of  the  anticlinal  sxai  which  follows,  however, 
they  have  been  so  oompletelv  folded  over,  that  the  Old  Bed 
Sandstone  is  at  the  top  and  the  Limestone  Shales  and  Lime- 
stone dip  under  it,  so  that  an  observer  who  had  seen  only 
this  end  of  the  section  would  be  led  by  it  to  believe  that  the 
Old  Bed  was  the  uppermost  and  the  Limestone  the  lowest 
of  the  three  groups,  whereas  exactly  the  reverse  is  the 
case. 

A  case  of  more  violent  inversion  is  shown  in  Fig.  70, 
which  is  a  section  in  the  eastern  part  of  the  Jura.*    The 

*  Copied  from  Beitracgv  Kot  (errion,  tee  Der  OlatniKh,  ein 
Qeol.  Ksrte  der  Schwmi.  voL  iv.  p'obletn  Alpinan  GebrigitMoea, 
Fra  otlur  cum  of  itarUiiig  in-      Di.  A.  BsolUer.    Zmiiih,  1673. 
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Tockfl  when  unduhirbed,  as  ^ 

at  the  northom  end  of  the  " 

section,  occur  in  the  follow-  •■ 

ing  order : —  * 

7.  FrashwaterMarL(Top.)  \ 

C.  Nagelfluh. 

5.  White  Jura  Beds.  * 

4.  Brown  Jura  Beds. 

3.  Lias. 

2.  Kouper. 

1.  Uuachdkolk.  (Bottom.) 

On  the  south  a  very  sharp 
fold  ooonre,  by  which  the 
beds  have  been,  thrown  orer, 
till  the  lowest  member,  the 
UuBchelkalk,  hae  come  to 
lie  at  the  top,  and  the  other 
subdivisione  appear  be- 
neath it  in  an  order  exactl; 

the   reverse  of   the  above  ■* 

table.  The  reader  will  real- 
ise the  enoTmouB  amount 
of  displacement  and  denu- 
dation necesaaiT  to   bring 

about  this  result  if  ho  wifl  * 

endeavour  to  put  the  beds 
back  into  the  position  they 

must  have  had  before  the  ^ 

folding  took  place.  This 
has  been  done  for  a  part 

of  the  section  in  Fig.  71,  ^ 

where    the   letters  ABC  / 

show  what  was  the  original  •;;;;;;::'■'. 
position  of  the  points  de-  "  \ 

noted  by  the  corresponding  ,' 

letters  in  Fig.  70.    The  five  < 

lowest   groups   must  hare  i 

been  to  some  extent  folded  „ t- 

and   denuded    before   the  \ 

formation  of  the  Nagelfluh 
began,  because  the  latter 
does  not    everywhere    rest 

on  No.  6,  but  is  at  differ-  n 

ent  points  in  contact  with  *■ 
1.  i. 
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Nos.  4,  3,  and  2.  On  the  euriace  so  formed  Noe.  6  and  7 
were  afterwards  laid  down  in  borizontel  beds,  and  Fig.  71 
Bhows  what  miut  have  been  the  relative  position  of  the 
several  gronpe  when  this  step  of  the  procees  was  com- 
pleted. Then  ensued  a  period  of  disturbance,  bj  which 
the  contortion  and  inversion  were  produced.  The  nature 
of  the  displaeement  will  be  more  fully  seised  on  if  we 
fix  onr  attention  on  any  one  bed  singly,  say  the  band 
of  Eenper  to  the  north  of  C.  This  before  disturbance 
was  dipping  gently  to  the  north,  as  in  Fig.  71.  .It  must 
have  been  gradually  tilted  till  it  became  vertical,  and  then 
actually  draped  over  so  as  to  make  it  slope  in  a  direction 
exactly  opposite  to  that  it  had  to  begin  with ;  in  fact,  the 
angle  through  which  it  has  been  turned  is  very  nearly  two 
right  angles.  While  this  crumpling  went  on  denudation 
was  at  work,  and  by  its  action  all  the  sheet  of  Nagelfluh 
and  Mail  has  been  carried  away  except  that  portion  which 


Fig.  71. 

is  squeeeed  into  the  middle  of  the  fold,  where  it  ia  pro< 
teoted  by  the  beds  that  have  been  bent  over  it. 

When  we  see  these  startling  results  as  thev  are  now, 
they  look  at  first  sight  almost  beyond  reasonable  explana- 
tion ;  but  if  we  try  in  imagination  to  put  back  the  rocks 
into  their  original  position,  to  follow  them  through  the 
suooeesive  foldings  they  have  undergone,  and  bear  in  mind 
at  the  same  time  how  much  has  been  removed  by  denuda- 
tion, we  are  able  to  realise  some  at  least  of  the  steps  of  the 
process,  though  the  forces  and  the  machineiy  by  which 
the  movements  were  produced  may  still  be  beyond  our 
grasp.  In  Fig.  72,  for  instance,  the  dark  portion  repre- 
sents a  section  across  a  mountain  chain,  on  the  flanks  of 
which  inversions  are  repeated  over  and  over  again.  Cover 
over,  with  a  bit  of  paper  cut  to  shape  the  lighter  part  of  the 
diagram,  and  see  what  we  could  learn  about  the  order  of 
the  beds  from  the  darker  part,  that  is  from  the  mountain 
side  as  it  now  stands.  Take  only  two  beds,  the  dotted  one 
and  the  one  marked  by  a  thick  black  line ;  at  the  summit 
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the  fiist  overliea  tlie  Bocond,  a.  little  way  down  they  occur 
in  the  reverse  order,  and  atill  further  below  they  oome  back 
to  their  original  ralatiTe  poeitiou ;  and  theee  changes  are 
again  repeated  lower  down.  In  such  a  section  no  one 
ootild  say  which  was  top  and  which  was  bottom,  and  the  true 
sequenoe  of  the  beds  could  be  ascertained  only  by  following 
tham  to  aome  district  where  th^  are  less  disturbed. 

And  if  we  think  only  of  what  we  can  now  actually 
see,  that  is,  if  we  still  keep  the  paper  covering  on,  we 
are  puzeled  to  imagine  how  thia  repetition  could  have 
been  produced.  But  if  we  take  away  the  paper  cover, 
we  then  see  how  matters  stood  before  the  ground  had  its 
present  shape  given  to  it,  and  our  difficulties  are  mate- 
rially lessened.  At  one  time  the  surface  may  have  betn  in 
some  sudi  position  aaAB,  and  the  rocks  beneath  it  had 
been  puckered  up  in  a  series  of  rigzag  folds.     Then  out  of 


Fig.  72. 
this  block  of  crumpled  strata  denudation  carried  away 
everything  down  to  Uie  uneven  surface  C  P,  and  so  carved 
out  the  mountain  chain.  When  we  try  to  make  out  the 
structure  of  such  ground  we  are  at  first  bewildered,  because 
we  see  only  the  portions  of  the  folds  that  have  survived ; 
but  our  dinicnltiee  vanish  when  we  complete  each  fold  by 
Tcctoring  the  portion  which  has  been  carried  away,  and  so 
are  able  to  understand  how  what  are  now  isolated  portions 
of  each  bed  were  onoe  connected. 

We  have  for  distinctness'  sake  spoken  of  the  folding  of 
the  beds  and  the  carving  out  of  the  mountain  chain  as  two 
independent  operations,  the  first  of  which  was  finished 
before  the  second  began.  In  reality  denudation  was  going 
on  at  the  same  time  as  the  crumpling,  but  it  continued  to 
act  after  the  latter  process  had  oome  to  an  end, 

ChtUisr  and  Inliar. — Tilting  and  bending,  combined 
with  subsequent  denudation,  have  often   resulted  in  the 
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production  of  isolated  patdies  of  rock,  and  of  these  there 
are  tvo  kinds,  Ouiliert  and  InUtrt. 

In  an  outlier  the  detached  mass  is  snironnded  ow  aU 
tide*  hj  beds  geolo^colly  hlow  it,  in  an  inlier  hj  beds 
geologically  aiova  it. 

Instances  of  outliers  are  seen  in  Fig.  65,  where  three 
detached  patohes  of  the  bed  No.  5  ooour  in  the  northern 
part  of  the  map,  across  one  of  which  the  section  on  Fig.  66 
18  carried.     Towards  the  soath  end  of  the  same  map  a 


Fig.  73.— Q-soLooicAL  Skbtcb-map  or  SmiTLiiiaiLow. 

Bulla  1  hub  to  t,  mSh.     Dotted  lima  an  bnlta.  ] 

larger  basin-shaped  outlier  of  the  bed  No.  6  is  seen,  which 
is  crossed  bj  the  section  in  Fig.  67. 

Again,  in  Fig.  98,  there  are  two  ontliers  of  the  hed  (il) 
and  one  of  the  bed  (b). 

An  example  of  an  outlier  is  given  in  Figs.  73,  74,  and  75, 
which  are  a  view,  sketch-map,  and  section  of  a  bjll  called 
Shutlingslow,  a  very  conspicuous  object  in  the  moor- 
lands of  North  Staffordshire.  The  outiier,  which  is  formed 
by  the  isolated  patch  of  the  bed  No.  5,  is  very  small, 
but  the  rock  of  which  it  ia  composed  is  a  hard  massive 
gritstone,   and  in  consequence  ta  thia  ohanuitOT  it  has 
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gireit  to  the  stunnut  an  oatline  ao  bold  and  char&cteristic, 
uist  a  trained  eya  at  once  recognises  from  the  shape  of 
the  peak  its  general  geological  structure. 

Outliets  are  the  remaina  of  a  broad  sheet  of  the  rock, 
which  onoa  spread  far  and  wide  over  the  oountiy,  but  the 
greater  part  of  which  haa  been  carried  away  by  denudation. 

Oitller  VMiltodlnlln 


Thus,  in  Mg.  99,  the  outlier  of  the  bed  (i)  on  the  hill  to  the 
right  must  once  have  been  connected  witii  the  etrip  of  the 
aame  bed  which  ciopa  out  along  the  flanks  of  the  hill  to  the 


Fig.  75. — Tuw  or  Sidtliko«u>w 

left,  aa  shown  bythe  dotted  lines;  and  the  bed  (^,  of  which 
only  two  outliers  remain  was  onoe  equally  extensive. 

^  many  cases  the.  dislocations  called  faults,  which  will 
be  described  in  the  next  section,  have  contributed  to  the 
formatiou  of  outliers.  Thus  in  1^08.76  and  77  we  have  an 
Qutlier  of  the  bed  No.  5,  bounded  on  tlie  east  side  by  a 
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fault,  wliich  has  upheared  and  brought  in  oantact  with  it 
the  loxret  bed  No.  1 , 

Inliere  often  result  when  beds  hAve  been  thrown  into  a  dome, 
and  the  upper  part  of  it  hae  been  shaved  off  by  denudation. 
In  this  way  a  rouaded  area  of  the  lowest  bed  which  reaches 
the  surface  is  hud  bare,  and  the  bed  next  above  mantles 
round  it  in  a  ring.  Such  has  been  the  case  in  Simon's 
Seat  (see  Fig.  62),  where  an  iulier  of  the  bed  No.  2  oocuib 


at  the  top  of  the  hill.  Inliere  of  this  kind  were  called  by 
the  older  geologists  "  Outliers  by  Protnision." 

But  famts  have  also  had  a  share  in  the  production  ot 
ioliers.  Thus,  in  Fig,  73,  there  is  a  small  triangular  area 
of  the  bed  No.  1,  overlaid  on  the  north-east  and  south-east 
by  the  bed  next  above,  and  with  Uie  same  bed  brought 
against  it  bv  a  fault  on  the  west. 

Orich  Hill  in  Derbyshire  is  a  good  case  of  a  faulted 

D.D.t.zea  by  Google 


inlier.  Fin.  76  and  77  are  a  map  and  Bedion  of  it.  Tha 
patch  of  Uie  bed  (1)  satiafiee  the  definition  of  an  inlier ;  on 
the  west  and  Bouth-west  it  is  bounded  bj  fanlts,  which 
have  let  down  Vgher  beds  ^^.  ^ 

against    it,    while    to    the        ^ 
north-eaat    it    paaaes  with 
a  reeular  dip  beneath  the 
bed  (2)  immediately  above 
it. 

BECTION  rv.— FADLTa 

Ilocks   have   been   aub-       •  ^ 

jected  to  still  more  violent  ^ 

usage  than  the  folding  we  £ 

have  already  Rpoken  of.    In  • 

many  cases  they  have  been  """^  ^ 

torn   across  by  rents,    and  2 

the  parts  which  were  origi-  _ 

nally  continuous  now  lie  at  E 

different  levels  on  opposite  "^ 

sides  of  the  fissure.  > 

Such  displacements  are  |%-  . 

__  known  as  FmdU.     Throwt,   *  | 

li-oubUi,  Seaeet,  Slip*,  and  S 

other  local  names  are  also       d  g 

ajmlied  to  them.                           g  e 

Fig.  78  is  a  section  of  a  j  s 

group  of  Coals,  Bhales,  anf  3)>a  y 

Sandstones  intersected   by  £  \z 

two  faults.  ^ 

If  we  look  at  the  fault  E 
on  the  right,  we  see  that 
the  measures  on  both  sides 
of  it  are  exdetly  the  same       " 
in  number,  thickness,  and 
oompoaition,  but  that  on  the 
left  hand  th^  are  bodily  in        » 
a  lower  position  than  on  the 
right  hand.     This  fault  is        '^ 
■aid  to  throw  down,  or  to                             ••       - 
have  a  downcast,  to  the  left.  Similarly  the  other  £ault  throws 
up  in  die  same  direction,  or  down  to  tJie  right.    The  amount 
of  the  throw,  or  the  size  of  the  fault,  is  measured  by  the 
vertical  distance  between  the  ends  of  the  same  bed  on 
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oppoeite  sides  of  the  dislocation ;  thus  the  dotted  line  AS  u 
the  throw  of  the  fault  to  the  left  in  Fig.  78.  The  throw  of 
faults  varies  from  a  few  inches  up  to  thousands  of  feet. 

Sometimes  beds   show  little  or  no  change  of  dip  on 

Approaching  afault,  as  in  the  section  on  Fig.  79.    This  doee 

Pmu.  Fudt. 


occasionally  happen  in  the  caeg  of  faults  of  considerable' 
size.  More  ft'^uenUy,  however,  the  beds  are  steeply  tilted 
or  Tiolontly  contorted  in  the  neighbourhood  of  a  fault,  as 


Fig.  n.—Fxvvn  cnaccoxfakied  bt  DiaTUBBAMca  ob  Cuhtoktioii. 

in  the  section  on  Fig.  SO.  The  amount  of  contortion  doee 
not  necessarily  bear  any  relation  to  the  size  of  the  fault, 
being  scnuetinies  very  conspicuous  where  tlie  throw  is  small. 
A  fault  is  sometimes  a  single  clean  cut  fracture,  but  it 
oftener  happens  that,  as  we  oraw  near  a  large  fault,  tlie 
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beds  are  broken  by  a  number  of  amallOT  dislocationfi,  as  in 
the  eeddon  on  Fi^.  81  where  ire  cross  Beversl  euob  before 
reaching;  tbe  mam  fault.  These  minor  throws  are  fre- 
q;ueiitl7  parallel  to  the  mitin  fracture.  In  other  cases 
faults  branch  oS  at  lurge  angles  from  a  main  throw,  and 
deorease  rapidly  in  size  as  they  recede  from  it  till  they  die 


— CovroBTKD  Bkii»  11 
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out  altogether.  Fig.  82  is  a  ground  plan  of  a  main  fanlt 
and  a  group  of  associated  smaller  faults,  some  of  which 
ore  rudely  parallel  to  the  principal  dislocation,  and  othera 


Fig  81 


branch  off  from  it  at  various  angles,  while  all  show  con- 
eidemble  changes  in  the  amount  of  throw. 

The  fissure  cdF  a  fault  is  now  and  then  narrow,  clean  cut, 
and  of  a  uniform  width.  It  oftener  happens,  however,  that 
the  walls  of  a  fault  are  uneven,  alternately  ^proaching 
and  receding  Srom  one  another.    The  spaces  thus  formed 
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are  filled  up  with  fragments  of  the  adjoining  rocks,  mashed 
and  jumhled  together,  in  some  casee  bound  into  a  solid 
mass  called  "  fsult-stufl,"  or  "  fault-rock."  Where  a  fault 
ta«TerBeB  clayey  rooks,  its  fissure  is  often  lined  by  a  layer 
of  extremely  deneo, 
'  tough,  leathery 
fault-stuff,  called 
in  some  districts 
a  "leather  coat." 
Now  and  then  a 
fault  is  filled  in 
with  crystaUined 
miaerala ;  and  if 
among  them  me- 
tallic orea  occur,  it 
becomes  a  minwal 


The  walls  of  a 
fault  are  &equeuUy 
grooved  and  some- 
tmies  highly  po- 
lished, as  it  the 
rocks  on  opposite 
sides  had  ground 
against  one  ano- 
ther. Such  mark- 
ings are  called 
SUot0ntidei.  In 
many  casee  they 
are  undoubtedly 
due  to  the  cause 
just  mentioned, 
and  it  often  looks 
Fts-  SS.  as  if  the  heat  pro- 

OroTind  plu  of  a  nuia  hult  with  tmiclHia  uid  duced  by  the  tric- 
piRiUel  &nlt».  Mnin  ftinlt  ihown  bj  ■  donUe  line,  ^  l„  a  V,„l,pJ  anA 
other  hnlto  br  ringi*  Uu«.     Each  toult  hM  B   muiU   "O"  "^O  DaKeU  aUU 

cniM-mark  pik«a  on  thi.  do-n-cart  ddg,  uid  u»  hardened  the  rock, 

amount  D1  t»  throw  wnlleo  alanffflide  m   Qet  uid         j  x   j       ^l^ 

incliM.    A  cypher  iipUoed  where  B  bolt  dlM  out.  and        COated       tbC 

walls  of  the  fissure 
with  a  glazed  lining ;  in  other  cases  a  thin  glaze  of  some 
mineral  seems  to  have  been  deposited  on  the  pohshed  sur- 
face increasing  its  smoothness.*  Surfaces  maued  by  aliok- 
*  See  Jonnul  ot  Boynl  0«ol.  QuBit.  Joim.  Oeol.  Soo.  sxii. 
Soc  of  Dublin,  X.  p.  96.    Bee  alao      111,118,886. 
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«nside  u«  often  found  traTersin^  beds  in  ereiy  dirsotioa 
in  the  oeigliboQrliood  of  a  fault,  as  if  the  whole  body  of  the 
Tock  had  been  shattered  and  the  bits  rubbed  against  one 
another  by  the  motion  which  produced  the  displ^ement. 

Cases  ajso  ocxnir  where  iachned  beds  have  slipped  upon 
one  another  and  marked  their  faces  with  slickensiae,  and  we 
may  eren  see  tlie  faces  of  joints  traversed  by  horizontal 
polished  grooTee,  such  as  would  be  produced  b;  horizontal 
motion  and  grinding. 

On  approaching  a  fault  some  rocks,  eapecially  Sandstone, 
lose  their  bedding  and  become  shattered  and  traTeised  by  a 
number  of  cracks  roughly  parallel  to  the  plane  of  the  f  avilt, 
which  are  sometimes  t^ed  "Buttles"  by  quarrymen. 
Such  diangee,  which  are  perhaps  akin  to  cleayage,  and  the 
hardening  often  noticed  adjoining  a  fault,  point  to  pressure 
and  other  violent  treatment  during  the  production  of  the 
dislocatioii. 

Bad*  of  Favlta. — Faults  are  sometimes  vertical,  but  by 
far  the  laiV^  number  are  inclined  at  different  anjgles  to  the 
horizon.  The  inclination  of  a  fault  is  called  its  had4  or 
uitdtrlie,  and  is  measured  by  the  angle  between  a  vertical 
plane  and  the  rdane  of  the  fault. 

In  almost  all  cases  of  inclined  faults  ih»  had»  or  tlept  w 
toieardt  the  down-throw  tida :  exceptions  to  this  rule  are  called 
"reversed  faults."  Cases  of  reversal  are  oooasionally  seen, 
but  many  of  them  are  probably  more  apparent  thtm  real, 
and  caused  by  some  temporary  bend  in  the  direction  of  the 
fissure.  I  have  seen  eudi  a  case,  where  the  fault,  on  entw- 
ing  a  well-jointed  bed,  took  the  line  of  a  joint  with  an 
opposite  slope  to  its  own,  and  so  became  for  a  short  part 
of  its  course  reversed,  while  if  looked  at  as  a  whole  it 
followed  the  general  law. 

Genuine  reversed  faults  are,  howerer,  said  to  oocmr  in 
highly  contorted  districts.* 

Oonra*  of  Fanlti. — The  course  of  a  fault  is  nrely,  if 
ever,  absolutely  straight,  but  in  the  majority  of  cases  faults 
show  a  tendency  to  run  in  straight  lines ;  sometimes  the  de* 
viations  from  a  straight  line  are  so  small  as  to  be  scarcely 
noticeable,  and  in  many  cases,  where  they  are  quite  sensible, 
there  is  still  a  general  tendency  to  a  rectilinear  trend,  the 
fault  swinging  first  to  one  side  and  then  to  the  other  of  a 
straight  line  which  represents  its  average  direction.  The 
bondings  in  such  a  case  are  osually  gentle  curves,  bat  occa- 

■  See  Pioi  H.  D.  Bogsn,  Tttotttitiaoa  Baytl  Soo.  of  Edinburgh, 
xxLp.4i3. 
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BionaUy  very  abrapt  zigzags.*  Some  faults,  on  the  other 
hand,  are  decidedlj  curved. 

Pantllelumt  of  Faults. — It  frec^uenU;  happens  that 
the  faults  of  a  district  cau  be  divided  into  two  syBtems,  and 
that  all  the  members  of  one  Bystem  show  a  general  tendency 
to  run  parallel  to  the  str^e,  while  those  of  the  other 
eystem  range  rougUy  along  the  dip.  The  faults  of  the  first 
syatem  will  be  parallel  to  the  longer  axes  of  the  larger 
tolda  in  the  rocks,  and  thus  faulting  and  folding  seem  to 
stand  in  olose  connection,  and  to  be  only  different  reeulte  of 
the  same  prooees.  A.  relationship  between  faults  and  and- 
olinals  is  also  pointed  out  by  the  fact  that  the  one  sometimes 
B  into  the  other.  The  sharpness  of  the  bend  gradually 
reasea,  tiU  at  last  the  tension  became  greater  than  the 
rook  oould  stand,  and  fracture  accompanied  by  relative  dis- 
placement of  the  severed  portions  resulted-f 

ChMBgtM  in  Six*  And  Sjriiig  oat  of  Faults. — ITie 
amount  of  the  throw  of  a  fault  very  seldom  keeps  the  same 
value  for  any  long  distanoe,  and  we  will  glance  at  some  of 
the  causes  which  produce  changes  in  the  size  of  faults. 

If  a  fault  be  perpendicular  to  the  strike,  its  throw  will 
remain  the  same  as  long  as  the  beds  on  opposite  sides  of 
it  have  the  same  dip  and  strike. 

ChaiigeB,  however,  in  the  amount  or  direction  of  the  dip 
will  give  rise  to  corresponding  changes  in  the  amount,  and 
in  certain  oases  in  the  direction,  of  the  throw.  Fig.  83 
shows  a  model  which  illustrates  one  way  in  which  this  is 
brought  about.  There  is  a  bed  of  Coal  ^own  by  the  thick 
black  band,  Bhifted  by  a  fault  A  B  C  D.  The  measures 
overlying  the  Coal  are  supposed  to  be  removed  so  that  we 
see  its  surface.  On  the  north  side  of  the  fault  the  bed  dips 
steadily  to  the  east,  and  its  surface  is  the  plane  B  C  E  F. 
On  the  south  side  the  bed  has  been  thrown  into  a  Beries 
of  folds  giving  it  a  wavy  aurface,  A  L  K  S  G  M  N  O. 
Between  0  and  0  the  bed  is  lower  on  the  south  than  on  the 
north  side,  or  the  downthrow  is  to  the  south.  The  amount 
of  throw,  hovrerer,  steadily  decreases  as  ve  go  towards  G, 
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and  at  that  point  the  hed  is  at  the  same  level  on  both  eides 
of  the  fault,  or  the  fault  has  no  throw.  Between  ff  and  B. 
the  bed  is  higher  on  the  eouth  than  on  the  north  aide,  or 
the  fault  throws  down  to  the  north.  The  amount  of  the 
throw  incraases  to  the  west  of  O  ior  a  while,  then  begins 
to  deoroase,  and  at  J?  again  oomee  down  to  nothing. 
Between  ^and  £'the  fault  reeumeB  its  former  eouthen; 


downthrow,  and  at  Z  another  change  in  the  direction  of  the 
throw  occurs. 

The  same  reenlt  will  evidentl;  he  produced  when  thero 
are  a  number  of  branch  faults  springing  out  from  a  main 
fault. 

In  the  model  in  Fig.  84,  the  measures  overlying  the 
black  bod  are,  as  in  the  last  figore,  suppoeed  to  be  ren^red. 


A  B  (?  i>  is  the  plane  of  a  fault,  and  B  C  ^  f  the  surf aoe 
of  the  bed  on  ttie  north  side  of  it.  At  C  this  fault  throws 
down  100  yards  to  the  south,  bo  that  on  the  latter  side  the 
CoalisfoundinthepoHtioni) /"(?.  F  (?£"J'iB  the  plane 
of  a  branch  fault  throwing  down  to  the  east  80  yards ;  thii 
fault  does  not  affect  the  bed  on  the  north  side  of  the  main 
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fault,  but  on  the  south  side  the  bed  ia  brought  by  it  into 
the  position  jT^X  M;  there  ia  now^  only  20  yards  differ- 
ence in  the  position  of  the  bed  on  opposite  sides  of  the 
main  fault,  or  the  throw  of  the  latter  is  reduced  to  20  yaids. 
Still  further  to  the  west  is  another  fault,  L  M  N  0,  throw- 
ing up  10  yards  t«  the  west,  and  brintring  down  the  size  of 
the  main  fault  to  10  yards.  Lastly,  the  branch  fault, 
P  0  R  B,  throws  up  40  yards  to  the  weet ;  by  this  fault  the 
Coal  is  raised  up  to  Q  ^  iS,  and  is  30  yards  higher  on  the 
south  than  on  the  north  side  of  the  main  fault,  or  the  throw 
<rf  the  latter  is  now  30  yards  down  north. 

In  this  way  by  a  succession  of  steps  a  fault  which  throws 


Fig.  86.  A 

down  to  Uie  south  100  yards  is  changed  Into  a  fault  with 
a  downthrow  to  the  north  of  30  yards. 

It  is  easy  to  see  that  by  proper  adjustments  a  fault  might 
be  made  to  die  out  permanently  in  cases  such  as  those  just 
described.  In  Fig.  83,  suppose  that  the  bed  on  the  south 
side  of  the  fault,  instead  of  rising  to  the  west  of  £' at  as 
steep  an  angle  as  in  the  figure,  took  the  same  inclination 
as  it  has  on  the  north  side.  The  bed  would  then  be  at  £", 
and  would  continue  to  be  to  the  west  of  K,  at  exactly  the 
same  level  on  both  sides  of  the  plane  A  B  C  D,or  the  fault 
would  disappear.  The  same  result  would  be  brought  about 
in  Fig.  84,  if  the  throw  <rf  the  fault  AP  QR  was  10  yards. 
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Uining  operatioiiB  oouBtantlj  afford  proofs  of  the  dyisff 
out  of  faults,  and  this  must  be  brought  about  in  some  etusk 
manner  as  haa  been  described.  Frequently  a  Iarg«  fault 
splits  up  near  its  termination  into  a  number  of  branches, 
eadi  of  which  graduallj  dies  away. 

If  the  beds  hare  a  different  strike  on  opposite  sides  of  a 
fault,  and  the  line  of  the  latter  is  parallel  to  the  strike  oa 
one  side,  its  throw  will  neeessarily  voty  in  size. 


Pig.   86. — SiCTIOIt    ALOHO   TUB    LiKI   A  B    IK    Pio.  B9. 

For  instance,  in  the  ground  plan  in  Fig.  85  we  have  on 
tho  south  side  of  the  fault  a  persistent  easterly  strike  and 
a  dip  to  the  north ;  on  the  norili  of  the  fault  the  strike 
gradually  changes  from  an  easterly  direction  on  the  one 


Pig.  87.— Sbction  alomo  thb  Liki  C  D  t»  Pis.  Bfi. 

side  to  a  north-westerly  trend  on  the  other.  The  fault 
runs  east  and  west,  or  parallel  to  the  strike  of  the  beds  on 
its  south  side.  The  consequence  is,  that,  as  we  go  to  the 
west,  we  find  the  bed  7  brought  against  lower  and  lower 
members  of  the  aeries,  or  the  downthrow  of  the  fault  in- 
creases. The  increase  in  size  will  be  evident  from  com- 
paring tlie  two  sections  A  B  and  C  D;  m  the  first  the 
bed  7  is  brought  on  a  level  with  the  bed  3,  in  the  second 
it  has  been  stiU  further  let  down  so  that  it  is  on  a  level 
with  the  lower  bed  1.  It  is  worth  notice  that  if  we  had 
confined  our  investigations  to  the  neighbourhood  <d  the 
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Una  A  B,  whore  the  beds  have  the  same  strike  on  both 
aides  of  the  fault,  and  the  latter  ranges  along  the  strike,  we 
should  not  hare  detect«d  the  existence  of  the  beda  3,  2, 
aad  1 ;  and  imless  the  fault  had  been  actually  seen,  we 
might  not  have  become  aware  of  its  existence,  and  might 
have  supposed  the  beds  on  its  south  side  passed  under  4, 
instead  of  reallj  lying  &  long  way  above  that  bed. 

E£Faot  at  Faxilta  ou  Ontcrop. — It  is  very  important 
that  the  practical  geoloc;ist  should  clearly  realise  the  effect 
which  faults  have  in  shifting  the  outcrop  of  a  bed. 

In  Fig.  88,  AB  CB^'is  the  surface  of  the  ground,  sup- 
posed, for  simplid^s  sake,  horizontal ;  6  E  L  JI,  the 
plane  of  a  fault  \  B  E  L  F,  A  K  H  G,  ^^  position  of 
the  same  bed  on  opposite  sides  of  the  fault,  the  measures 
OTorljdng  the  bed  being  supposed  to  have  been  removed. 
E  D,  the  intersection  of  the  bed  with  the  surface  on  the 


Fig.  GS. — StiirTiica  or  ihr  OuTCkOP  or  a  Bid  bt  a  "BwLt. 

upcast  side  of  the  fenlt,  ahows  its  outcrop  on  that  side ; 
but  it  ia  clear  tbat  after  having  been  throws  down  into 
the  position  A  O  M  S  it  will  not  reach  the  surface  till 
some  way  to  the  left  of  E  B,  such  babA  A  6.  That  is 
to  sa,7,  on  the  Anenemt  tidt  thi  otderap  it  tkifUd  towarit 
thtrit*. 

If  we  knew  the  angle  of  the  dip,  it  is  evident  that,  by 
measuring  the  horizontal  displacement  G  E,  we  could  cal- 
culate the  vertical  throw  of  the  fault  The  smaller  the 
dip  the  greater  will  be  the  amotmt  of  the  ehift,  and  the 
only  case  in  which  the  outcrop  will  not  be  shifted  is  when 
the  beds  are  absolutely  vertical. 

If  the  surface  of  the  ground  be  undulating,  the  displace- 
mentB  of  the  outcrop  will  become  more  complicated ;  but 
the  above  rule  will  always  hold  good  except  when  the 
ground  slopes  in  the  same  direction  as  the  beds  dip  and  at 
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a  larger  angle,  when  the  horizontal  ehifting  of  the  outcrop 
will  DO  toieardt  the  dip. 

Miners  uee  the  term  "  heave  "  to  describe  the  horizontal 
displacement  of  an  outcrop  by  a  fault.  Faults  will  heave 
not  only  beds  but  any  other  divisional  planes  traversing 
the  rocks  ;  thus,  if  faults  themselvee  have  been  formed  at 
different  dmea  and  cross  one  another,  the  one  last  produced 
will  heave  all  of  earlier  date  which  are  not  aosolutely 
vertical.   Mineral  veins  are  "heaved"  in  a  similar  manner. 

It  is,  perhaps,  in  the  case  of  a  group  of  mineral  veins  that 
the  effect  of  a  "  heave  "  becomes  most  conspicuous.  The 
whole  of  the  rocks  of  a  district  appear  in  such  a  case  to 
have  been  bodily  shifted  in  a  horizontal  direction.  But 
the  reasoning  jnat  gone  through  shows  that  there  need  not 
have  been  any  horizontal  motion  whatever,  and  that  the 
shift  may  be  due  to  a  displacement  which  was  entirely 
verticaL  If  we  know  the  amount  of  the  vertical  throw 
and  the  dip  of  the  heaved  bed  or  vein,  we  can  calculate 
the  amount  of  horizontal  shift  that  would  result ;  and  if 
the  observed  shift  agrees  with  the  calculated  displacement, 
the  throw  of  Uie  famt  must  have  been  altogettier  in  a  ver- 
tical direction.  But  it  must  not  be  assumed  that  the  die- 
placements  produced  by  faults  are  always  wholly  vertical ; 
it  is  conceivable,  nay,  highly  probable  in  those  cases  where 
the  rocks  have  been  subjected  to  powerful  horizontal  com- 
pression, that  horizontal  motion  may  have  taken  place,  and 
that  beds  may  have  been  moved  not  only  up  and  down,  but 
also  to  and  fro  on  opposite  sides  of  a  fault. 

Ittdiraot  Eridanos  tax  Tanltv. — ^We  have  sometimes 
the  good  luck  to  see  faults  in  actual  section,  as  in  Fi^.  79, 
80,  and  61,  which  are  all  sketches  from  nature.  But  in 
many  cases  the  geologist  has  to  infer  the  presence  of  faults 
from  circumstances  connected  with  the  lie  of  the  beds  which 
cannot  be  explained  any  other  way. 

Thus  the  shifting  of  me  outcrop  of  a  bed  is  proof  positive 
of  a  fault ;  and  by  noting  where  the  outcrops  of  successive 
beds  are  broken  and  heaved,  we  get  a  senes  of  points  on 
the  fault,  and  can  lay  down  its  line. 

There  is  another  way  in  which  we  are  often  enabled  to 
infer  the  presence  of  a  fault  that  is  nowhere  actually  seen, 
which  win  be  understood  by  a  reference  to  Fig.  85.  In 
the  district  of  whidi  that  woodcut  is  a  geologicu^map,  the 
vroup  of  beds  numbered  1  to  S  run  up  one  after  the  other  to 
ue  outcrop  of  the  bed  7,  and  f-vA  off  against  it.  Now  this 
abrupt  termination  of  the  outoi-ups  of  the  beds  1  to  5  may  be 
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produced  in  tvo  ways :  tliere  may  be  a  fault,  bs  is  aotuaUir 
the  caae  in  the  inBtonoe  before  ub,  ranging  along  the  line 
where  the  outoropa  are  stopped  off ;  or  there  may  be  be- 
tween the  ^Toup  1  to  5  and  the  bed  7,  what  is  known  ae  an 
unconformity,  me  meaning  of  which  term  will  be  explained 
in  Section  TI.  of  the  present  chapter.  But  if  we  are  sure 
there  is  no  unconformity,  then  euch  behaviour  of  the  out- 
cropfl  a«  ifi  shown  in  Uie  figure  can  be  explained  in  no 
other  way  than  by  a  fault. 

We  may  also  infer  the  presence  of  faults  in  cases  such  as 
the  following,  and,  if  we  take  due  care,  our  oonoluaionB 
may  be  as  saiely  relied  upon  as  if  we  had  aotually  seen  the 
fault  itself.  If  from  a  study  of  sections  we  establish  the 
fact  that  a  certain  bed,  A,  is  always  found  beneath 
another  bed,  B,  and  then  find  at  any  spot  A  dipping  so  aa 
to  abut  against  or  pass  over  £,  and  i/6j/  no  pottxbh  emUr- 
tioH  or  iMvertion  B  eovid  b»  got  to  ptm  imdtr  A,  then  there 
must  be  a  fault  between  them. 

Figs.  89  and  90  will  illustrate  the  line  of  reasoning  pur- 
sued in  such  cases.  If  we  go  northwards  from  Filey  Brig 
along  the  Yorkshire  coast,  we  find  a  beautiful  series  of  sec- 
tions  in  the  difis,  which  show  beds  ooming  out  tme  from 
under  the  other  in  the  following  order : — 

4,  Bandy  Limeet<»ie  and  CaXcareous  Sandstone.  Coral- 
line Oolite. 


We  follow  the  lowest  division,  and  find  it  forming  a 
seriee  of  headlands  seen  in  the  moat  distant  parte  of  the 
view,  and  after  parsing  these  we  enter  the  soutnem  part  of 
Cayton  Bay,  a  sketch  of  which  seen  from  the  north  is 
given  in  Fig.  89.  The  darkly-ooloured  promontoriee  about 
the  middle  of  the  coast  line  are  f  oimed  <^  the  Sandstones  ( I ) ; 
then  conies  a  portion  of  the  cliff  more  moundy  in  outline, 
where  a  thick  mass  of  stony  Clay  descends  to  the  sea-level 
and  hides  the  bedded  rocb  from  view.  Between  this  ob- 
scure ground  and  the  spectator  rise  the  bold  Lebbereton 
Cliffs,  which  we  recognise  at  a  glance  to  be  composed  of 
our  old  aoquaintanoee  Coralline  Oolit«,  Oxford  Clay,  and 
Kdloway  Bock.* 

■  In  Um  iketoh  tha  fint  ii  left      and  a  du-k  b«d  of  Kellowaj  Bock 
nmrij  while,   the  Oifon)  C1a7      (tioki  oat  at  the  botUm. 
light  wiiL  itreaki  of  bedding. 


)  by  Google 


by  Google 


i 


372  OBOWOT. 

The  dip  is  quite  perceptible  even  from  a  distance  ;  and  if 

J.  we  canyon  the  lines  of  bed- 

^  ding  in  the  headlands  beyond 

S the  claj-corered  interral  up  to 

fr  Lebbenton  Cliff,  ve  see  tnat, 

■  so  for  from  the  Sandstones  of 

the  former  passing  beneath 
the  Eelloway  Bock  of  the  lat- 
ter, as  we  found  was  the  case 
in  the  normal  nnbroken  section 
^  _  S   to  the  south,  they  would,  if 

1^  hO  they '  retained  the  same  dip, 

sS  ^  J:   abut  against  the  Oxford  Clay. 

fl  -J  a   The  fiwt  question  we  ask  our- 

*  —.  1  ""  sdves  is,  whether  the  Sand- 

-  ■  £   stones  may  not  bend  over  ra- 

£  £:    pidly  to  the  north  beneath  the 

J^  clay-coverod  ground,  then  re- 
^  sume  their  old  dip,  and  so  come 
e  I  into  their  proper  position  be- 
I  I  neath  Lebberston  Cliff  ?  But 
M  I  we  can  detect  no  eymptome  of 
J  the  abrapt  changes  oi  dip  re- 
s  M  quired  by  this  supposition, 
J  I  and,  what  is  more,  when  we 
§  ^  test  the  idea  by  actual  mea- 
"S  s  Burement,  we  nnd  that  by  no 
'  ■  §  binding  hotewtr  ain^t  oould  th» 
I  £("  wkoh  Uiiekntu  of  tht  group  (1) 
%  y  b»  got  in  btturom  tht  point*  whtn 
J  °;  M«  eUan-eut  leettom  on  tho  north 
.  ^  and  $outh  ttrminatt. 
■  %  One  explanation  alone   re- 

£  mains,  namely,  that  the  rocks 
of  Lebbereton  Clift  have  been 
let  down  against  the  Sand- 
stones by  a  fault,  and  we  ac- 
cordin^y  construct  our  eectioit 
as  in  Fig.  90,*  and  restoring; 
by  the  dotted  lines  the  parts 
which  have  been  carried  away 

up  by  the  ftoDT  Clsy  already 

^ ..  .   .      meDtioned,  whion  ops   all   the 

toutb  of  Lebbereton  Cliff   does      dutant  cliSb,  but  ii  omitted  in 
not  exitt  io  ttie  view.    It  is  fUlad      Uie  leatiOD  to  avoid  oonliiBon. 
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I17  denudation,  ve  find  that  the  fault  brings  the  base  of 
the  Eelloway  Bock  just  on  a  level  with  that  of  the  Coral- 
line Oolite,  or  that  its  throw  is  equal  to  the  oombined 
thickness  of  the  Oxford  Clay  and  K^loway  Ito<^ 

Evidence  as  complete  as  that  just  given  may  be  always 
safely  accepted  aa  unquestionable  proof  of  faulting  ;  but  the 
observer  must  be  on  his  guard  agamst  jumping  too  hastily  to 
conclusions  in  such  cases,  and  must  not  call  in  a  fault  to  hdp 
him  out  of  a  difKcull;  till  he  has  thoroughly  satisfied  himself 
that  the  relative  poaition  of  the  beds  can  be  explained  in 
no  other  way.  Where  a  fault  is  only  one  way  out  of  several 
of  explaining  observed  facts,  it  may  yet  be  the  best  way 
and  its  presence  highly  probable ;  but  the  observw  must 
endeavour  to  obtain  additional  evidence  sufficient  to  put 
the  question  beyond  reasonable  doubt  before  adopting  a 
fault  as  the  final  solution. 


Such  is  an  ontline  of  the  diffplaoements  wbidi  rocks 
have  undergone.      We  may  next  inquire  how  they  were 

Erodneed,  and  this  inquiry  naturally  falls  under  two 
eads.*  The  first  is  purely  geometrical,  and  asks  what 
was  the  kind  of  motion  by  which  they  were  brought  about  F 
The  second  is  mechanioal,  and  inquiree  what  were  the 
forces  that  caused  that  motion  ?  ^e  first  question  may 
be  treated  of  here,  the  second  falls  to  be  considered  in  part 
in  Chapter  XL 

Cnufftotar  of  tlu  Xovsauntfl. — It  is  evident  Ihat  the 
movemfinte  to  which  uplifting  and  tilting  were  due  cannot 
have  gone  on  everywhere  to  the  same  extemt.  Books  have 
been  raised  higher  and  more  violently  disturbed  at  some 
spots  than  at  others.  The  next  question  is,  was  the  dis- 
turbance sudden,  and  confined  to  certain  lines  or  centres, 
so  that  the  rocks  were  snapped  and  raised  at  a  bound  into 
the  positions  Hiot  now  occupy  ?  Or  was  the  displaoanent 
widespread,  and  varying  oontinnoufily  in  amount  from 
place  to  place,  so  that  it  reached  a  maximum  along  certain 
unes  or  around  certain  oentres,  and  died  away  gradually  as 
it  receded  from  them  ? 

Experience  is  against  the  first  supposition ;  for,  although 

"  Coimpondiiig  to  the  two 
tnbdivuiom  of  the  meehsnka  of 
motioD,  Kinftmitirs  vid  Djium- 
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tbere  are  instanoea  of  Buddeii  and  local  uphearal  prodnced 
by  earthquakea,  by  for  the  lai^er  niimber  of  the  ca«ee  of 
oscillation  that  hare  been  obeerred  extend  over  large  areas, 
and  vary  in  amount  and  direction  continuously. 

What  is  more,  connected  observations  of  the  lie  of  rocks 
over  a  lai^  area  fumisb  evidenoe  of  the  strongest  kind 
in  favour  of  the  second  supposition.  Isolated  meaeure- 
menta  shov  us  beds  dipping  here  in  one  direction  at  one 
an^e,  and  there  in  another  direction  at  anoth^  angle. 
Kow,  BupjKwe  that,  when  we  have  amassed  a  su£Bc)eiit 
number  of  such  observations,  we  endeavour  to  determine 
from  them  what  must  be  the  undergrooud  oonne  of  the 
rocks  in  cwder  that  they  may  come  out  at  each  spot  where 
they  are  seen  with  the  obe^red  dip  and  direction,  and  so 
to  arrive  at  a  general  view  of  the  geological  structure  of  a 
country.  Whenever  w»  do  this,  we  find  that  we  can 
account  for  the  observed  facts  only  on  one  supposition,  and 
that  is,  that  the  rwkt  hm»  Imm  folded  into  a  leriet  of  irotight 
and  arehee,  or  throien  into  dome*  and  lann*.  This  is  the 
great  general  law  which  governs  everywhere  the  arrange- 
ment OT  the  disturbed  portions  of  the  earth's  crust. 

Faulting,  or  violent  contortion  and  inversion,  often  com- 
plicate and  obscure  this  structure  and  interfere  with  its 
symmetry,  but  never  to  such  an  extent  as  to  prevent  its 
being  recognised  as  the  great  leading  feature  in  the 
arrangement  of  the  rocks.  Disturbances  such  as  these 
last  are  therefore  of  the  nature  of  accidents,  and  if  w« 
eliminate  them,  and  tty  to  form  a  broad  general  view  of 
the  lie  of  the  beds  under  a  large  area,  it  u  the  structure 
just  mentioned  that  invariably  comes  out.* 

We  ma^  say,  then,  that  wherever  we  find  beds  inclined 
to  the  horuon,  we  ore  somewhere  on  the  slope  of  an  anti- 
clinal; and  wherever  the  beds  of  a  rock  group  that  has 
undergone'  disturbance  lie  flat,  we  are  on  the  crest  of  an 
anticlmsl,  or  at  the  bottom  of  a  synclinal,  or  on  otae  of  the 
horizontal  portions  of  the  minor  bendinge  that  are  ever 
occurring  here  and  diere  in  the  sweep  of  the  grand  curves. 

Whatever  may  have  been  the  forces  to  which  this 
arrangement  has  been  due,  it  is  quite  evident  that  the 
movement  which  produced  it  cannot  have  been  local,  but 
must  have  prevailed  as  universally  as  the  folding  itself ; 
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and  the  Kenerallv  regular  ohamcter  of  the  result  ehute  out 
oompletdy  the  idea  of  a  violent,  oonvulflire  action,  though 
faulting  and  contortion  point  to  ooucentration  of  energy 
around  the  epote  There  they  ootmr. 

All  the  obaerred  facte,  therefore,  are  decidedly  in  the 
teeth  of  the  first  Bolution,  and  strongly  in  favour  of  the 
second. 

Folding  would  prodooe  both  Eleratioa  uid  2Xp. — 
Folding  such  aa  we  have  described,  of  course,  necessarily 
invotvee  tilting,  and  all  the  different  forms  of  inclination 
whu^  have  been  described  as  occurring  in  nature.  And  it 
is  dear  that  it  would  also  produce  both  elevation  and 
depression,  the  one  when  portions  of  the  earth's  crust  are 
carried  aloft  on  the  summits  of  arches,  the  other  when 
portions  are  sunk  into  troughs ;  and  it  is  highly  probable 
that  the  great  leading  physical  features  of  the  globe  were 
in  the  first  instance  marked  out  by  movements  of  this 
character— that  mountain  chains  follow  lines  of  sharp 
crumpling,  continental  areas  repose  on  the  summits  of 
broad  arches,  and  oceanic  depressions  rnn  along  wide 
troughs.*  Bat  the  reader  must  not  jump  to  the  conclusion 
that  all  hill  ranges  coincide  with  anbdinals  and  all  valleys 
with  synclinals.  We  shall  see  in  the  next  chapter  that  in 
most  cases  the  reverse  of  this  is  true,  and  that  the  present 
surface  of  the  ground  is  largely  due  to  denudation — acting 
while  the  folding  was  going  on,  or  after  it  was  finished — 
which  has  immensely  modmed  the  forms  that  would  have 
resulted  from  elevation  alone. 

Dirootiott  of  tha  Folding  Force. — Our  next  inquiry 
is,  in  what  direction  did  the  force  act  which  brought  about 
the  foldings  and  displacements  that  have  been  described 
in  the  preceding  pages  ? 

There  are  two  pwiectly  distinct  methods  by  which  these 
results  might  be  produced.  The  very  word  elevation  sug- 
gests the  notion  of  a  force  that  acted  from  below  vtrtioMly 
fmpordt.  In  order  to  produce  folds  aU  that  is  necessary  b 
that  this  force  should  not  act  with  equal  intensity  over  the 
area  affected  by  it.  Along  anticlinal  lines  it  must  be  at 
a  maximum,  and  it  must  gradually  decrease  in  intensity 
from  there  down  to  each  synclinfll  line,  along  which  it 
must  have  its  least  value.  The  way  in  which  an  action  of 
this  sort  would  produce  eleration  and  folding  is  shown  in 
Fig.  91. 

*  Boma  olgMliou  to  the  last  two  sUtementt  will  be  notioed  in 
CbsplarXI. 
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"Let  P  Qhe  the  surface  of  an  undutorb^  bed,  and  let 
a  force  tending  to  raise  the  bed  vertically  upwards  be 
exerted  from  beneath  in  tlie  direction  of  die  arrows ;  let  A 
and  £  be  points  where  the  force  has  nmTimiiiii  value,  C 
an  intermeiiiate  point  where  it  is  at  a  miniiTHim.  Then, 
while  A  and  £  are  raised  to  a  and  b,  C  will  only  reach  to 
a  leas  height,  e,  the  points  P  A  C  £  Q,  will  be  lifted 
into  nnne  such  positioiks  as  ^  a  c  hq,  and  two  anticUnals 
with  a  synclinal  between  them  will  be  formed. 


Tig.  91.— FoLvnto  twrnvvzo  st  Tbuticai  Up-THarBT. 


But  all  the  resulte  we  have  been  considering  might  also 
be  equally  well  produced  in  the  following  way. 

Suppose  the  bed  .^  .5  to  be  subjected  to  a  iornontal 
thnut  acting  in  the  direction  of  the  arrows  in  Fig,  92.  The 
effect  would  manifestly  be  to  crumple  it  up  into  the  shape 
a  0  dab,  and  we  should  again  get  a  series  of  anticlinalH 
and  synclinals. 


Vig.  92. — FoLDiKB  paoDDCMD  UT  HosizoMTAL  TuBtin. 


We  hare  to  choose,  then,  between  these  two  explanations, 
and  to  adopt  as  the  most  probable  the  one  which  accounts 
for  the  greatest  number  oi  observed  facts. 

Now  as  far  as  the  formation  of  symmetrical  arches  and 
trougliB,  lite  those  in  Fig.  91,  goes,  one  way  is  ae  good  as 
the  odier ;  but  when  we  come  to  anticliuals  where  the  rocks 
are  doubled  under  on  the  steeper  side,  to  complicated  con- 
tortions and  puokerisgs,  and  to  the  inversions  which  are 
their  reeulta,  y^idcal  upheaval  is  manifestly  quite  unable  to 
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produce  these,  while  on  the  other  hand  they  are  jurt  the 
tonuB  that  would  result  from  lateral  thmst.  It  is  impossible, 
for  inatanoe,  that  the  arranff^ent  of  the  heds  in  the  section 
across  Uie  Appalachians  in  Fig.  68  could  have  been  brought 
about  by  a  force  acting  vertically  upwards.  There,  not  only 
ore  some  of  the  arches  unsymmetncal  and  some  tilted  over, 
but  in  the  first  the  steepest  sides  all  face  the  same  way, 
towards  the  west,  and  in  the  secNmd  the  tilt  has  been  in 
every  case  in  the  same  direction.  We  also  notice  that  the 
shaipest  bends  are  at  the  eastern  end,  and  that  the  folding 
grows  gradually  less  sudden,  and  the  curves  open  out  as 
we  go  towards  the  west.  These  are  just  the  results  that 
woiSd  follow  if  a  group  of  horizontal  strata  were  crumpled 
up  bj  a  powerful  thrust  which  acted  from  east  to  west.* 

At  the  east  end  of  the  section,  then,  there  can  hardly  be  a 
doubt  that  horizontal  pressure  and  not  vertical  upheaval 
has  been  the  producing  cause ;  and  there  b  such  a  gradual 
passage  from  the  violent  disturbances  of  that  end  into  the 
more  symmetrical  folds  of  the  western  end,  that  we  must 
admit  that  whatever  caused  the  one  must  also  have  produced 
the  other. 

Evidence  like  this — and  similar  cases  might  be  brought 
forward  without  number — is  strongly  in  favour  of  the 
second  exjjanation. 

Another  test  that  readily  suggests  itself  is  this.  In  Fig. 
91  the  bed  A  B  must  be  pulled  otit  to  bring  it  into  the 
position  ael;  ia.  Fig.  92  it  must  be  eonmrMMd.  If,  then, 
we  have  any  means  of  learning  whether  folded  strata  have 
been  itretehtd  or  eompra*ud,  we  shall  make  some  way 
towards  deciding  between  the  rival  hypotheses. 

We  may  first  oonsider  whether  the  amount  of  stretching 
required  by  the  hypothesis  of  vertical  upheaval  is  such  as 
we  can  reasonably  suppose  locks  capable  of. 

In  the  case  of  broad  open  arches  and  basins  perhaps  no 
difficulty  would  arise  on  this  ground ;  f  but  where  rocks 
have  been  sharply  bent  into  folds  which  follow  one  another 
in  rapid  succession,  they  would  have  to  be  pulled  out  to 
many  times  their  original  length  to  bring  them  into  their 
present  shape.      Even  supposing  rooks  aa  extensible  as 

*  SiUiman'i  Joutd.,  lat  wries,  icale  acroM  diitrioU  wliere  they 

xlix.  284.  oacu,   mch  m  HoruonUl  8ec- 

t  Th«  reader  vill  realUe  how  tions,   Bheeta   77  ud  79  of  the 

T«ry  (light  IB  the  curvature  of  Oeol>«ioKl    Surrey  of   England 

bn»d  buiiu  and  arches  tj  con-  and  Wales. 
■Dlting  section  drawn  to  a  tins 
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■odia-rubbeT,  increase  in  leno^  must  be  attended  by  a 
correspoiidiiig'  decrease  in  thickueBS,  and  therefore  a  group 
of  rucEs,  when  sharply  folded,  ought  to  appear  to  be  more 
thinJj  bedded  than  m  their  undisturbed  position.  But  if 
we  take  a  group  of  rocke  which  lie  nnoisturbed  at  one 
spot,  and  are  Tiolently  contorted  at  another,  we  do  not  find 
the  bedB  thinner  at  the  latter  than  at  the  fonuer.  In 
reality,  however,  rocks  are  only  slightly  extensible,  and  it 
ia  utterly  out  of  the  question  to  suppose  that  they  could 
possibly  hare  been  dragged  out  to  the  extent  necessary  to 
briug  diem  into  their  present  form  by  vertical  upthrust.* 

No  ench  dif&ciilty  accompanies  the  squeezing  hypothesis: 
a  band  of  rock,  which  when  horizontal  was,  say,  a  mile 
long,  is  forced  to  occupy  a  smaller  space,  say,  tbree-quarters 
of  a  mile,  and  the  only  way  in  which  this  could  be  done  is 
by  puckering  it  up  into  folds. 

Again,  the  phenomena  of  cleavage  go  altogether  in  favour 
of  lateral  thrust.  Ail  cleaved  rocks  are  strongly  contorted, 
and  the  planes  of  deavage  are  parallel  to  the  longer  axes 
of  the  great  folds.  Now  the  structure  of  deaved  rocks 
gives  proof  positive  that  they  have  been  compressed  in  a 
direction  perpendicular  to  the  cleavage  planes,  or,  what  is 
the  same  thing,  to  the  axes  of  the  folds.  Lateral  pressure 
therefore  has  acted  on  cleaved  rocks,  and  it  Ao*  aeUd 
exaetly  in  tit  right  direction  to  produce  the  exitUng  fold*. 
When  we  see  that  the  rocka  have  been  folded,  and  when 
we  know  that  they  have  been  acted  on  by  a  force  competent 
to  produce  that  folding,  ve  cannot  refuse  to  believe  that 
the  one  has  been  the  cause  of  the  other.  In  the  case  <rf 
cleaved  rocks,  then,  it  is  as  nearly  as  can  be  a  certainty 
that  they  were  bent  into  their  present  form  by  lateral 
pressure. 

The  late  Mr.  W.  Hopkins  was  one  of  the  ablest  sup- 
porters of  the  vertical  upheaval  theory,  and  his  papersf  on 
the  subject  are  still  well  worthy  the  attention  of  tlie  student 
of  Dynamical  Geology,  though  many  of  tiie  geological 
opinions  which  he  held  have  been  long  since  given  up. 
Ele  tried  to  get  over  the  objectione  stated  in  the  laet  few 
pages  by  pointing  out  how  contortion,  and  faults  as  weU, 
might  result  fnm  vertical  upthrust.      He  supposed  the 

*.  Sm  b  vary  fnnnioos  ptper.  t  Re«earcb«e  in  Phyncal  Q«o- 
OD  thettratchiDgvhiDhbMbuaa  loicy,  Cunbridn  Phil.  Tnau- 
pluw  in  disturbed  nxkt,  hy  Mr.  action*,  I83fi ;  Report  on  Earth- 
It.  L.  JHck,  Geological  Jlagaaine,  quskM  and  Elevation,  Britida 
viii.  38S.  AMOolatioo,  IS47. 
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uplifted  area  to  be  acted  on  imdemeadi  by  a  force,  such  as 
would  be  produced  by  tlie  ezpanaioti  of  a  body  of  highly 
heated  elastio  vapour,  and  determiaed  by  mathematioal 
oaloulation  what  would  be  the  direction  of  the  rents  formed, 
when  the  rock  was  stretched  up  to  the  breaking  point, 
and  fissuring  took  place.  He  found  that  in  a  rectangular 
area  two  Beta  of  parallel  fieaurea  would  be  produced,  and 
that  the  oonunon  direction  of  one  Bet  would  be  perpen- 
dicular to  that  of  the  other  set. 

Now  suppose  A  B  C  D,  Fig.  93  to  be  a  cross  section  of 
one  of  the  arches  which  has  been  fractured  along  the  lines 
EF,  G  S,  KL,  MN:  then  the  pressure  on  these  parts, 
such  as  Q  B  L  K,  which  are  broadest  below,  would  be 
greater  than  in  such  a»  £  F  G  S;  the  fonner  would  there- 
fore be  driven  upwards,  the  fractured  portions  would  be 
farced  into  some  such  positions  as  in  £ig.  94,  and  faults 


would  be  produced  ux'M  0  hade  to  ths  thvntthrow  iid»,  u  is 
the  general  rule  in  naturo.  The  same  result  would  follow 
if  elevation  went  on  till  the  cracks  gaped ;  for  then  it  would 
be  the  wedges,  such  as  E  F  O  S,  whiiji  have  their  nar- 
rowest ends  downwards,  that  would  sink.  As  far  as  fault* 
SI,  then,  the  explanation  will  do  well  enough,  and  Ur. 
opkins  has  pointed  out  that,  at  a  future  stage  of  the 
E<ooees,  contortion  as  well  might  be  produced  in  the  fol- 
wing  manner: — Suppose  that,  when  the  rocks  had  come 
into  the  position  shown  in  Fig.  94,  the  elevating  force 
ceased  to  act,  and  the  shattered  mass  settled  down  ;  a 
horizontal  thrust  would  then  be  produced,  which  would 
increase  indefinitely  as  the  arch  flattened.  The  broken 
portions  would  be  jammed  against  one  another  and  thmi 
beds  crumpled  up  and  contorted ;  it  might  also  wdl  hap- 
pen that  awedge  like  EFQS  would  be  forced  vfteari* 
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b;  the  nip  oi  the  two  adjoining  masses,  and  in  this  iray 
rmtrttd  ftMU,  such  as  acoompany  violent  oontordon,  might 

In  this  way  fanlta  might  be  produced,  and  their  direction 
and  hade  would  be  the  Bam.e  as  in  H-riBting  faulta.  Soma 
degree  of  contortion  might  also  be  brooght  about.  But 
the  machine^  would  hudly  be  able  to  effect  the  amount 
of  wideepreaa  and  complicated  oontortion  bo  frequently  met 
with,  apecially  in  mountainous  districts,*  nor  to  produce 
deavage  over  areas  hundreds  of  square  milea  in  extent. 
We  can  scaroely  oonceive  portions  of  the  earth's  crust, 
large  enough  to  produce  these  results,  being  tilted  bodily 
orer  in  the  manner  this  explanation  requires.  In  fact, 
while  Mr.  Hopkins  has  dearly  realised  that  oontortion  in- 
Tolvea  horizontal  thrust,  the  means  he  proposes  for  gene- 


Pig.  M. 


rating  that  thrust  seem  inadequate  to  produce  it  over  areas 
Bofficiently  large. 

Faults  then  might  follow  from  vertical  upthnist ;  it  is  not 
BO  easy  to  see  how  they  would  be  produced  by  compression. 
Fressure  would,  it  aeema  at  first  sight,  have  a  tendency  to 
dose  up  any  rents  that  existed  rather  than  to  open  new 
ones;  and  even  supposing  fissures  were  produced  and  the 
rooks  on  opposite  sides  of  them  displaced,  the  motion  would 
be  in  eucn  a  direction  that  a  "  reversed "  fault  would 
be  produced.  Forlet^  C3  aeh  (Kg.  95)  be  an  arched 
stratum  traversed  by  a  fissure,  D  C,  P  the  direction  of  the 

*  Somewhat  mmiUr  otjootiaiLi  produce  cmmplin^  atoagh.    Hr. 

Kpply  to  an  coplanatioR  put  for-  WiUon'i  explanation  of  tiie  oanse 

vMil  by  Mr.  Wilson  in  the  OeoL  of  &alta  is  aubttaatLsUf  Qie  Musa 

" '--    -    """  -   "■'-  "- —  '-■"■'vt  given  above. 
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cnunplinff  force ;  then  it  ia  dear  that,  if  7  U  approximately 
horizont^  ita  reeolred  component  parallel  to  C  O  will  tend 
opw(urds  from  B  to  C,  and  the  portion  A  C  a  a  will  be 
pushed  up,  a  diaplaoement  whim  would  give  riae  to  a 
rersreed  fault. 

It  oertainly  looks  as  if  stretching  were  neceeea:ry  for  the 
production  of  fissures,  and  as  if  thelaw,  that  a  fault  always 
hades  towards  the  downcast  side,  could  only  be  aooounted 
for  on  the  supposition  that  the  depressed  rocks  had  slid 
doion  tht  inelint  of  the  fissure.  But  the  great  weight  of 
evidence  against  rertical  upheaval  prevcnta  our  accepting 
that  as  the  cause  of  the  stretching. 

And  stretching  would  in  the  end  result  fnmi  lateral 
pressure  if  the  prooesa  were  carried  far  enon^i.  As  long 
OS  the  length  of  the  arc  A  C  B  did  not  exoeM  that  of  the 
bed  in  its  unbent  state  there  wonld  be  no  stretching ;  but 
as  the  underlying  rooks  were  gradually  arched  up  into  the 


Fig.  96. 

space  a  eh,  they  might  prevent  the  points  a  and  h  approach- 
ing one  another,  and  stdl  tend  to  drive  the  crest  of  me  arch 
higher  up,  and  their  upward  motion  could  go  on  only  by 
means  of  the  stretching,  and  at^last  rending,  of  the  upp^r 
layers  of  the  arch.  This  would  give  fissures,  and  we  may 
imagine  in  a  vague  sort  of  way  that  the  severed  portions  ot 
the  arch  might  get  displaced  relatively  to  one  another  in 
various  ways.  The  displacement  might  be  due  to  lateral 
pressure,  in  which  case  we  have  seen  the  faults  would  be 
reversed ;  it  might  be  due  to  portions  being  forced  up  by  the 
upward  motion  of  the  interior  of  the  arch,  in  which  case 
there  seems  no  reason  why  the  hade  should  be  towards  one 
side  rather  than  the  other ;  again,  at  a  considerable  depth 
the  pressure  would  probably  heat  the  rocks  till  they  became 
plastic  or  half  melted,  and  portions  of  the  shattered  upper 
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part  might  sink  down  into  the  aott  bed,  in  whidi  case  the 
lault  would  have  the  normal  hade.  It  ia  impoBsible,  how- 
ever, to  delude  oneself  into  the  belief  that  Itune  and  crude 
expl&nationi)  like  theae  are  satisfactory ;  probably  vre  have 
yet  very  much  to  learn  about  faults  before  we  can  frame  a 
theory  which  will  atxx>uat  on  mechanical  principlee  tor 
their  production  and  the  law  of  their  hade. 

BnmmaJT  of  the  EridenM. — The  eTidenoe,  then,  by 
which  we  m.uBt  decide  between  vertical  upthruat  and  lateral 
prensure  stands  as  follows. 

Tilting  and  symmetrical  folds  would  result  equally  from 
either.  Vertical  upheaval  is  capable  of  giving  rise  to  faults, 
and  indirectly  to  some  degree  of  oontortioQ ;  and  in  the 
faults  produced  in  this  way  the  observed  law  of  hade  would 
generally  prevail,  those  faults  only  being  "reversed" 
which  accompany  great  contortion.  But  no  vertical  up- 
heaval could  bring  about  the  widespread  and  excessive 
crumpling  which  so  constantly  presents  itself,  while  th'"  is 
just  the  arrangement  that  would  follow  from  lateral  thrust. 
Further,  the  amount  of  stretching  required  by  the  hypo- 
thesis of  vertioal  upheaval  is  far  greater  than  can  he 
admitted.  Lastly,  cleavage  furnishes  proof  that  rocks  have 
been  subjected  to  just  the  very  pressure  requisite  to  bend 
them  into  the  folded  forms  they  hare  assumed.  The  only 
displac^nents  we  cannot  thoroug^y  explain  by  means  ot 
compression  are  faults. 

While,  therefore,  some  of  the  observed  facte  can  be 
Booounted  for  equally  well  on  either  hypothesis,  there  are 
many  which  compression  alone  could  produce ;  indeed,  the 
only  one  of  which  the  latter  fails  to  furnish  a  perfectly 
satisfactory  explanation,  is  the  direction  of  the  bade  in  a 
normal  fault.  The  present  state  of  our  knowledge,  there- 
fore, decidedly  tends  to  make  us  lean  to  the  side  of  lateral 
thrust  as  the  kind  of  force  which  has  produced  the  dis- 
placements we  are  considering ;  and  to  believe  that,  since 
the  balance  of  evidence  is  so  enormously  in  its  favour, 
increased  knowledge  will  remove  the  only  bar  iliat  now 
exists  to  its  being  accepted  without  hesitation  as  a  full  and 
perfect  explanation  of  the  cause  of  these  displacements. 

But  the  problem  is  far  from  served.  Numerous  weak 
points  in  the  explanations  given  will  occur  to  the  thoughtful 
reader ;  and  in  truth  we  can  so  little  roalise  the  condltioDS 
under  which  the  process  of  contortion  went  on,  that  the 
best  explanation  we  can  arrive  at  must  ueceeaanly  be 
incomplete  in  particulars. 
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Whftt  gave  rise  to  lateral  thrust  is  a  question  that  talla 
to  be  considered  in  Cliapter  XI. 

Folditkg  want  on  at  gxsnt  daptlui. — A  mxy  little 
reflection  will  oonvince  u«  that  rocks  were  not  bent  into 
their  present  shapes  near  the  surface,  but  that  when  the 
process  went  on  tnej  were  buried  beneath  a  great  thick- 
naea  of  strata,  which  has  since  been  carried  away  by 
denudation. 

In  the  first  place  we  have  positive  proof  that  all  folded 
rocks  have  euSered  la^;ely  from  denudation.  The  arches 
are  never  complete,  but  truncated  by  the  removal  of  por- 
tions of  the  upper  beds.  Almost  any  of  the  seotiona  in  this 
chapter  show  this,  and  in  Fies.  99  and  105,  the  missing 
parts  are  some  of  them  indicated  bv  dotted  lines.  Faults  t^ 
the  same  tale ;  their  coune  would  be  marked  bv  lines  of 
vertical  cliffs,  formed  of  the  beds  upheaved  on  ue  upcast 
side,  if  it  had  not  been  that  these  have  been  swept  away 
by  denudation,  and  the  surface  pored  down  to  a  level. 

And,  indeed,  it  is  on  such  a  supposition  alone  that  we  can 
understand  bow  rooks  could  have  been  bent  as  sharply  as 
they  have  been  without  fracture.  That  they  were  con- 
solidated in  many  cases  when  they  were  bent  is  certain. 
Thus  Sir  H.  De  la  Beche  points  out  that  in  Pembrokeshire 
a  thick  mass  of  Limestone — the  Carboniferous  Limestone— 
and  a  great  deposit  of  overlying  Shales  and  Sandstones — 
the  Goal  Measures — share  in  the  same  contortion,  which 
therefore  could  not  have  taken  place  till  after  the  deposition 
of  the  latter.  But  during  the  time  and  under  the  circum- 
stanoea  necessary  for  the  accumulation  of  the  upper  group, 
the  Limestone,  if  it  ever  was  soft,  must  have  become 
perfectly  consolidated. 

Of  the  contortions  shown  in  Fig.  SB,  Ur.  Uiall  remarks, 
"The  angles  are  sharp,  but  unbroken.  Tou  may  easily 
test  this  by  passing  a  finger  over  one  of  the  bends.  There 
is  neither  crack  nor  vein."  And  be  disposes  of  the  ex- 
planation that  the  rock  was  in  an  unconsolidated  state 
when  it  was  bent,  by  pointing  out  that  some  shells  and 
corals  preserved  in  it,  which  were  oertainly  not  originally 
plastio,  are  distorted  by  the  folding. 

With  the  view  of  throwing  light  on  the  origin  of  contor- 
tion, Mr.  Uiall  carried  on  a  series  of  ingenious  experiments. 
He  succeeded  b^  means  of  pressure  applied  gradually  for 
some  length  of  time  in  bending  thin  plates  of  Limestone,  but 
the  bent  slabs  always  cracked  soon  after  the  pressure  was 
removed :  this  difficulty  was  partly  overcome  by  embedding 
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the  pieoee  operated  on  in  pitch.  He  veiy  jufltly  remarks 
that  the  frequent  deBtnietioii  by  Bpontaneoua  fracture  of 
bent  plates,  when  remored  from  the  machine,  eeems  to 
imply  that  an  indefinitely  protracted  and  uniformly  oontort- 
ing  force  is  needed  to  produce  unbroken  curvature ;  that 
resistance  on  all  eides  diminishee  the  risk  of  fracture ;  and 
that  the  results  attained  serve  to  strengthen  the  opinion 
that  unbroken  anticlinals  and  synclinals  are  formed  only 
under  a  considerable  weight  of  euperiacent  strata.*  These 
experiments  certainly  seem  to  show  that,  if  solid  rock  ia  to 
be  contorted  without  fracture,  there  must  be  something  to 
hold  it  together  while  the  bending  ia  going  on ;  and  the 
necessary  force  of  restraint  would  be  supplied  by  the 
weight  of  a  mass  of  overlying  measures.  In  Sir  James 
Hall's  well-known  illustration  of  contortion,!  ^  number  of 
layers  of  cloth  were  laid  on  a  table  and  pressed  together  by 
boards  at  either  end.  In  this  way  they  were  forced  into 
folds  closely  resembling  the  sharp  contortions  of  rocks. 
But  it  was  necessary  to  load  them  above  by  another  board 
carrying  a  heavy  weight,  and  this  represents  the  mass  of 
overlying  strata,  which  must  have  been  present  when  rocks 
were  undergoing  folding. 

We  saw  reaaon,  when  considering  the  phenomena  of 
metamorphism,  to  believe  that  the  process  went  on  deep 
beneath  the  surface.  Kow  Metamorphic  rocka  are  almost 
always  highly  contorted.  We  have  here,  then,  another 
reason  for  believing  that  the  rocks  were  deeply  buried 
when  contortion  was  produced. 

Folding  wont  on  Blowlj. — If  the  conditions  under 
which  the  rocks  were  contorted  were  at  all  similar  to  those 
by  which  Mr.  Miall  obtained  his  results,  the  bending  must 
have  gone  on  very  slowly.  Some  eiperiments  by  Professor 
Thurston,  of  the  Smithsonian  Institute,  also  point  to  the 
same  conclusion.  He  found  that  if  iron,  which  had  been 
forcibly  bent  cloee  up  to  the  breaking  point,  was  kept  bent 
by  pressure  for  sevenly-two  hours,  it  showed  no  tendency 
to  return  to  its  originiu  form,  but  acquired  a  "  permanent 
set ; "  and,  what  is  atill  more  to  our  purpose,  it  then  beoame 
capable  of  further  bending.^ 

*  Geological  Ma^aziDS,  vi.  p.      !Ediii1>iirglL,  vii.  86 ;  Lysll'i  Ele- 
60S ;   Pro<>aedinga  of  the  Geolo-      idbhIs,  6th  ed.  p.  SO. 
sJCftl  and  Polytechnic  Boo.  of  the  J  Jounuil  of  the  Franklin  loiti- 

West  Riding  of  Yorkafaim,  new      tiite,  Jan.,  Wt.    I  am  indebted 
T...   T    I,c■.<.^     T»  — .._      ^  jjj,_  ^  Hunt  for  calling  my 
■ttentioa  to  this  paper. 
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We  can  realise  from  these  experimento  how  by  a  repeti- 
tion of  small  bendinga  rocks,  apparently  the  moet  inflexible, 
oould  little  by  little  be  folded  mto  the  sharpest  imaginable 
curree. 

Analoey  leads  us  to  the  opinion  that  faults  were  not 
produceirat  one  jump,  but  by  a  auoceseion  of  Bmall  dis- 
placements. 

Contortioiu  mora  firsqueat  la  Old  than  Kscsnt 
Seoln. — Wben  touching  on  the  oonsolidation  of  rocks,  it 
was  noticed  that  as  a  general  rule  the  older  rocks  were  the 
more  completely  consolidated ;  and  it  was  pointed  out  that 
this  was  the  case  simply  because  they  were  older,  and  for 
that  reason  had  been  oftener  and  for  longer  periods  sub- 
jected to  tbe  action  of  the  forces  which  produce  solidification. 

A  similar  statement  holds  good  for  contortion ;  it  prevails 
moet  largely,  as  a  general  rule,  among  the  older  rocks, 
and  exactly  the  same  explanation  appliw  a^  in  the  case  of 
consolidation. 

In  the  early  days  of  Geology  this  fact  was  held  to  prove 
that  contorting  forces  acted  more  energetically  during  far 
distant  periods  of  the  earth's  history  than  at  present.  But 
it  is  dear  that  the  facte  do  not  warrant  this  inference,  and 
that  they  can  be  explained  just  as  well  in  the  manner  just 
stated. 

In  the  same  way,  when  we  see  an  old  man  more  broken 
tliaii  the  generality  of  young  men,  we  do  not  infer  that  the 
wear  and  tear  of  life  has  nece^arily  been  greater  than 
usual  in  his  case,  but  only  that  he  has  been  exposed  to  it 

It  is  not  intended  to  assert  that  there  never  was  a  time 
when  the  forces  tending  to  produce  contortion  were  more 
vigorous  than  now.  Indeed,  if  there  be  any  truth  in  the 
generally  received  view  of  the  earth's  early  histoiy,  this 
must  have  been  formerly  the  case.  But  it  is  not  the  greater 
solidity  and  excess  of  contortion  in  the  older  rooks  that  lead 
us  to  such  a  conclusion,  but  reasons  that  will  be  explained 
further  on. 

SECTION  VI.— UNCOKFOEMITT  ASD  OVERLAP. 

Tliftt  ooaatitntm  Unconibrmity. — A  question  of  para- 
mount importance  in  geological  investigations  may  be  con- 
veniently treated  of  here.  It  sometimes  happens  that  in  a 
group  of  stratified  rocks  the  beds  come  on,  one  over  the 
other,  each  with  the  same  dip  as  the  bed  next  below  it ; 
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any  contoiidona  or  faulto  afFect  all  tbe  bods  alike,  and  the 
same  general  cdrcumBtanoea  of  lie  and  position  pervade  the 
group  from  top  to  bottom.  Buch  an  asBemblage  of  beds 
fonuB  what  is  known  as  a  Confrrtnaih  Group. 

In  other  oases,  in  working  our  way  aCToes  the  rooks  of  a 


country,  we  find  perfect  oonformity  to  prevail  for  a  certain 
distance,  and  are  then  suddenly  brought  up  by  a  decided 
break  in  the  order  of  succession,  and  of  such  breaks  we 


readily  distinguish  two  kinds. 
In  Uie  first  case  tbere  b  a  sudden  change  in  the  dip  and 


Fig.  97. — SicTioH  bUu^vlso  Unconfoiu 
Chanqb  of  Dip. 

strike,  or  in  one  of  them.  An  instance  of  this  kind  is 
shown  in  Fig.  96.*  On  the  right  we  have  steeply  inclined 
beds  of  Schist  dipping  towards  the  right ;  on  the  edges  of 
these  there  rests  a  group  of  Sholes  and  Sandstones  less 
steeply  inclined  and  slopiag  in  the  opposite  direction ; 
■  l^iken  froin  Qeo«nU  de  U  Hannon's  YajagB  m 
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tiie&e  latter  are  capped  by  beds  of  Bandatone  and  Lime- 
atooe  Ijdng  perfect^]'  flat.  The  different  membeiB  of  each 
of  these  Uiree  groups  are  peifeoUy  conformable  to  one 
another,  but  in  passing  from  each  group  to  the  one  next 
above  it  we  encounter  an  abrupt  change  of  dip. 

In  the  other  kind  of  break  all  the  beds  have  the  same 
dip,  but  th^  can  be  separated  into  two  groups,  the  upper 
of  which  rests  on  a  worn  and  uneren  sunaoe  of  the  lower 
or  abuts  suddenly,  wiiJumt  a  fauit,  against  a  slope  or  cliff 
formed  of  the  latter.  A  case  of  this  kind  is  shown  in  the 
diagram  in  Fig.  97,  where  the  upper  findj-bedded  rocks 
lie  in  a  trough,  which  has  been  worn  out  of  the  lower 
dotted  group. 

Xsuting  of  Uaoonfonnity. — The  occurrence  of  a  break 
of  either  of  these  kinds  is  called  an  Uheon^orvtify,  and  the 
groups  of  strata  separated  bj  unoonfonuitiea  are  said  to 
be  unccn/ortiuibU  to  tma  tmothtr. 

Such  are  the  obeerred  facts,  and  onr  next  business  is  to 
aek  what  they  mean,  and  what  are  the  events  by  which 
th^  wero  brought  about. 

Tuming  to  Fig.  S6,  we  know  that  the  Schists  (a)  at  one 
time  lay  flat  at  the  bottom  of  the  sea  in  which  they  were 
deposited.  Theyhave  been  tiltedtromthetr  horizontal  posi- 
tiua,  and,  as  they  rose,  denudation  pared  off  the  edges  of 
the  strata  and  produced  the  surftlce  on  which  the  bed  (i) 
rests. 

And  aH  ihit  muit  havt  leen  done  iefora  tht  depoiitiim  of  the 
next  gro%g>  of  roekt  hegim.  The  tilting  and  denudation  took 
time  to  effect ;  in  many  cases  a  very  long  time  would  be 
required  for  the  removal  of  the  amount  of  rock  which  we 
can  prove  must  have  been  carried  away. 

The  unconformity,  then,  we  are  now  looking  at  is  a  proof 
that  an  int^val  eeeurred  hetieeen  the  deposition  of  the  two  roek- 
groupi  which  it  teparatee,  and  that  dwing  that  intercai  ne 
({■■po»ition  of  roth  ment  on  at  the  »pot  whert  the  imeonformitjf 
o/-i-urt ;  or  that  if  any  roeke  were  formed  there  during  that 
iyilercal,  they  have  been  entirelj/  carried  away  by  dentidaiion. 

Wo  shall  see  by-and-by  t)iat*the  different  rock-groups  of 
tlie  earth's  crust  are  in  reality  so  many  volumes  in  which 
iti  written  an  acootmt  of  some  of  the  events  that  went  on 
during  their  formation ;  and,  pursuing  the  metaphor,  we 
may  say  that,  where  an  uiiconfonnity  occurs,  there  are 
certain  of  these  volumes  missing,  and  that  there  is  conse- 
quently a  blank  space  in  the  Suonicle.  But  just  as  an 
historian,  when  his  inveatigationB  are  checked  by  comina 
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acTOBS  an  imperfect  copy  of  a  work,  is  BometiiDes  enabled 
to  make  good  the  defect  by  going  to  another  libraiy  and 
recovering  there  the  missing  pages  or  volumes ;  so  the 
geoli^^iet,  when  be  finds  at  one  spot  an  unconformity  and  a 
corresponding  break  in  the  chain  of  events  he  is  endeavour* 
ing  to  trace  out,  may  sometimes  pick  up  some  of  the  lost 
links  in  other  (quarters,  where  die  deposition  of  strata 
has  gone  on  with  less  interruption.  TIob  is  the  case  in 
the  Sardinian  instance.  The  bottom  rocks  are  known,  by 
tests  vhich  will  be  described  further  on,  to  have  been 
formed  at  the  same  time  as  certain  of  the  slaty  rocks  of 
North  Wales,  and  the  overlying  group  is  of  the  same  age 
as  the  beds  from  which  we  in  England  draw  our  supplies 
of  Coal.  Now  with  us  between  these  two  groups  of  rocks 
there  intervenes  a  great  mass  of  strata  known  coQectivdy 
as  tlie  Old  Bed  Sandstone,  the  formation  of  which  went  on 
during  the  interval  which  is  represented  only  by  an  uncon- 
formity  in  the  Sardinian  series.  The  section  of  the  latter 
shows  ns  that  the  deposition  of  two  groups  was  separated 
by  an  interval,  it  tells  ue  thus  mxich  and  no  more ;  from  a 
study  of  English  Qeology  we  leam  what  was  going  on  else- 
where during  that  interval,  and  infer  that  it  was  of  con- 
siderable duration,  because  it  allowed  time  enough  for  the 
accumulation  of  a  vast  thickness  of  strata. 

Exactly  the  same  remarks  apply  to  the  unconformity'' 
between  the  middle  and  upper  groups  of  the  section  before 
us ;  and  here  again  the  rcKtks  wantmg  in  Sardinia  are  to 
be  found  in  England  and  other  parts  of  Europe. 

In  tine  secona  kind  of  unconformity  the  lower  group  has 
not  been  tilted  before  the  deposition  of  the  beds  above. 
Any  displacement  from  a  horizontal  position  that  has  taken 
place  affects  both  groups  alike,  and  must  therefore  have 
been  produced  after  the  deposition  of  the  upper ;  but  tit 
lower  be^  Aom  ie»n  denuded  before  thg  d^iition  of  the  t^p*r 
hed§  began,  and,  as  time  woidd  be  necessary  for  this  opera- 
tion,  we  have  here,  quite  as  much  as  in  the  first  kind,  a 
proof  that  an  interval,  onrepresented  at  the  spot  where  tiie 
unconformity  occurs,  intervened  between  the  formation  of 
the  two  groups  which  it  separatee. 

That  Uie  denudation  described  must  have  taken  place 
will  be  evident  by  a  glance  at  Fig.  97.  The  beds  of  the 
lower  group  could  not  possibly  have  been  dc^iosited  so  as 
to  end  abruptly  on  the  slopes  of  the  hollow  which  now 
exists  in  them.  Each  must  orinnally  have  stretched 
across  to  the  point  where  we  find  the  coTresponding  bed  on 
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tiie  other  ride,  and  the  preesnt  inteiruptioa  in  their  con- 
tinoity  mnst  be  due  to  the  removai  of  portiona  of  them. 

tliMwnfonnitiee  of  this  claes  vaiy  very  much  in  im' 
portance.  Sometimee  the  erosion  is  sudi  as  might  be 
brought  about  by  a  very  trifling  change  in  physical  oon- 
ditions,  and  so  small  in  amount  that  no  great  time  would 
be  required  to  effect  it  Such  cases  may  be  better 
described  as  " contemporaneous  erosion  and  filling  up,"* 
because  they  do  not  indicate  the  important  breah  aasociated 
with  the  idea  of  unconformity. 

In  other  cases  the  denudation  has  been  extensive,  and 
the  interval  required  for  it  of  long  duration,  and  these  may 
be  fairly  spoken  of  as  unconfomuties. 

An  unconformity,  then,  of  either  hind  shows  us  that,  at 
the  spot  where  it  occurs,  the  procees  of  rock  formation  did 
not  go  on  continuously ;  that,  at  a  certain  point  of  time,  a 
stop  was  put  to  deposition  by  the  upheaval  and  oonveision 
into  dry  land  of  tne  sea  bottom ;  that  by  this  means  the 
rocks,  which  had  been  just  laid  down,  were  brought  within 
the  range  of  denudation,  and  portions  of  them  worn  away  ; 
that  the  surface  thus  formed  was  afterwards  lowered 
beneath  water,  and  a  new  set  of  rocks  deposited  on  the 
tzuncated  edges  of  the  lower  group. 

On  the  other  hand,  steady,  uniform  deposition  would  give 
rise  to  a  conformable  group  of  strata ;  but  the  converHi> 
proposition,  that  conformity  indicates  the  absence  of  any 
interval  between  the  deposition  of  suooessive  menibera  of 
the  series,  is  not  necessarily  true ;  for  we  can  readily 
imagine  Uiat,  after  the  deposition  of  any  one  bed,  the 
sup^y  of  sediment  might  cease,  and  a  laag  time  might 
elapse  before  it  was  renewed  and  the  bed  nrat  above  laid 
down,  and  thus  there  would  be  an  interval  between  the 
formation  of  this  bed  and  the  one  next  above  it ;  but  if  the 
lower  bed  remained  undisturbed  during  this  interval,  the 
two  would  be  perfectly  conformable  to  one  another.  In 
fact,  the  mere  existence  of  a  plane  of  divirion  between  two 
beds  is  proof  of  an  interval  oetween  their  formation,  and 
this  intwval  may  have  been  a  long  one,  unless  there  is 
independent  evidence  to  the  eontnuy. 

In  a  word,  an  unconformity  will  bear  but  one  interpre- 
tation— that  the  procees  of  rock  formation  was  suspended 
for  a  time,  and  that  during  that  time  denudation  took  its 
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We  cannot  be  qnite  bo  etxre  of  the  meaning  of  ooof  onni^, 
because  there  are  two  ways  in  which  it  may  have  been 
prodnoed.  It  may  have,  and  in  many  cases  has,  arisen 
irom  a  Ions',  steady  continuance  of  the  aaine  conditimu; 
but  in  itself  it  afforde  no  certain  proof  that  such  was  the 
oase,  because  the  formation  of  two  ccmseoutiTe  beds  of  a 
oonfonnable  ^^roup  of  strata  may  have  been  separated  by 
an  interval  without  any  indication  of  the  fact  having  oome 
down  to  us.*  To  put  the  matter  as  shortly  as  possible, 
unconformily  implies  an  interval,  conformity  does  not  ex- 
clude it. 

]>«po>itioa  on  WnHng  Sea-bottomn. — Again,  con- 
formity is  not  necessarily  evidence  that  the  sea-bed  was 
absolutely  at  rest  during  the  formation  of  the  beds  through 
which  it  prevails.  We  have  many  cases  where  strata,  all 
of  tehifh  mtut  hoM  hem  laid  down  in  thallow  water,  are  piled 
one  over  the  other  in  perfect  conformity  to  a  thickneas  of 
thousands  of  f  eetl  The  only  way  we  can  account  for  this 
is  by  supposing  that,  during  the  whole  of  the  deposition  of 
such  a  group,  the  sea-bottom  was  slowly  sinking,  and  that 
tht  »paee  through  tekieh  it  teent  down  in  any  giv*n  tiwu  watjvtt 
eqval  to  the  thicknest  of  «edim«nt  aectmtulated  thtring  the  soma 
time.  By  an  adjustment  of  this  sort  the  water  would 
always  be  kept  shallow,  for,  as  fast  as  subeidence  deepened 
it.  deposition  would  fill  it  up  again ;  and,  if  the  movement 
affected  the  whole  area  over  which  deposition  was  going 
on,  no  uhoonfonnity  would  be  produced. 

Qmtofal  Conolnsiosx. — We  arrive,  then,  at  the  follow- 
ing canons.  Conformity  is  produced  when,  during  the 
deposition  of  a  group  of  strata,  there  has  be^Ck  an  absence 
of  upheaval,  depression,  or  denudation  ;  or  when,  if  either 
of  these  operations  has  gone  on,  it  has  affected  the  wh<de 
area  over  which  deposition  took  ^lace.  TTnoonformity 
exists  when  upheaval  and  denudation  have  removed  a 
portion  of  one  set  of  beds  and  another  set  of  beds  have 
been  afterwards  deposited  cm  the  surface  so  formed.  Or, 
more  shortly,  a  contmuance  of  the  same  physical  conditions 
gives  rise  to  conformity ;  unconformity  has  been  produced 
by  change  in  these  conditions. 

A  simple  illustration  will,  perhaps,  bring  home  more 
dearly  to  the  reader's  mind  the  facts  of  unoonformity  and 
their  interpretation.    Suppose  that,  during  a  long,  peeoefnl 

■  The  odttenoa  and  ntaninK  ton.  See  Tlieory  of  the  Euth,  1. 
of  tmoontbimity  were  nooKOisM  432,  ibS ;  Plkjrfur'i  Work*,  i.  2Ut 
finrt  by  (he  muter  mind  of  Hal-      U  78. 
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period,  the  Tariooa  events  in  a  n&tioa'B  histoiy  were  noted 
down  as  they  ooouired,  and  the  volumes  piled  one  above 
another  on  t£e  floor  of  a  libraiy.  The  heap  so  formed  maj 
fairly  represent  strata  confonuabl;  deposited  during  a  Ioiik 
contmuanoe  of  the  same  oonditions.  guppoee  that  a  time  (S 
war  and  tumult  followed,  during  which  some  of  the  volmnes 
got  disananged,  a  part  of  the  archiveB  waa  destroyed,  and 
throughout  which  uie  disturbed  state  of  afFaiiBprevented 
the  oanying  oa  of  the  work  of  the  ohronicler.  Tida  would 
cause  a  bhmk  period  in  the  histoir  exactly  oorreapondinK 
to  the  gap  in^cated  by  a  geological  unconfoniuty,  and 
aooompamed,  like  it,  by  disturbance  and  partial  destruction 
of  Qie  record  of  what  had  gone  before.  On  the  return  of 
more  peaceful  times,  the  annalist  might  resume  his  labours, 
and  if  the  volumes  he  produced  were  laid  upon  the  dia- 
ordered  remains  of  the  earher  records,  they  would  oorro- 
spond  veiy  closely  to  the  upper  group  of  strata  which  an 
nnconformity  shows  resting  on  the  edges  of  the  lower 
beds. 

ninstaratloii  of  TTaoonformity. — In  Figs.  98  and  99 
an  attempt  has  been  made  to  show  the  resulta  of  a  strong 
unconformity.  The  first  is  a  perspective  view  of  a  model, 
on  the  upper  surface  of  which  the  outcrops  of  various 
strata  are  shown  by  different  patterns,  while  along  the 
sides  we  see,  as  we  should  see  ia  a  cliff,  a  section  showing 
the  course  of  the  beds  underground.  The  second  is  a 
freological  section  along  the  Ime  marked  on  the  modeL 
We  see  at  a  ^anoa  that  there  are  two  rodk-groups,  be- 
tween the  lie  of  which  the  most  marked  discordance  exists. 
The  lower,  distinguished  by  a  lighter  tint,  has  been  bent 
into  a  number  of  boughs  and  arches,  which  have  been 
truncated  by  denudation,  and  a  floor,  marked  by  a  stroke 
and  dot  line  on  the  section,  has  been  formed,  on  which 
the  upper  group  rests  in  a  nearly  horizontal  position.  The 
latter  has  also  suffered  by  denudation,  and  only  two  de- 
tached oudiers  remain  of  the  sheet  of  it  whicli  once  ^n«ad 
over  the  whole  area :  the  oonnection  which  originally 
existed  between  the  beds  of  these  outliers  is  shown  in  the 
section  by  dotted  lines.  Further  proofs  of  denudation 
previous  to  the  deposition  of  the  highsr  beds  are  furnished 
by  a  fault  aud  djke,  which  traverse  the  lower  group  but 
do  not  penetrate  into  the  upper.  Another  faidt,  which 
affects  both  groups,  and  ia  therefore  of  later  date  than  the 
formation  of  the  upper,  is  seen  on  the  left  hand. 

The  dean  cut  section  shown  by  the  ^Hff  puts  beyond 


)  by  Google 


)  by  Google 


nKCOTfFOEMiTr.  393 

questaon  the  exist- 
ence of  the  unoon- 
fonnity ;  but  we 
will  now  go  on  to 

show  how  the  im-  * 

conformitj  might  a 

be    'detected     Dy 
eimply     mapping 
the   conntiy  goo- 
logical^,    even  if  * 
the  clift  section  did 

not  exist,  and  with-  t,    *  —  " 

out  paying  regard  g^* .... 

to   the   difference  §    '  „  S 

in  the  dip  of  the  a 

If    we    trace  S 

across  the  countiy  •    g 

the  run  of  the  beds  •>    j; 

of  either  group,  we  ^    S 

find  them  alwa^  ^ 

comine    on,    one  S 

over  mo  other,  in 

the    same     order.  I 

Among  the  lower        ^  S 

set,  (1)  is  overlaid  -        "'  - 

by  (2),  and  this  is  | 

always  followed  by       *  —-  a 

(3),  above  which  ^ 

the    other    mem-  ^ 

bers  succeed  in  the  £  " 

order  of  the  num-  a^'   ■ "  "  ^ 

bera    which    they        ^  ..,. 

bear   in   the   dia-  "• 

grams;  and  this  is  Dike. 

seen  to  be  the  case       *  ~  mu. 

_  in  whatever  direc- 
tion   we    traverse        a  —  ftmlt. 
the    district,    and  ,jn^  ___ 

whatever  duturb-  . 

ance  the  beds  have 

undergone.    Simi-  *» 

larly  with  the  up-  * 

per  group ;  it  mat-  ->  " 

tera  not  where  we  j 
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descend  the  flanbe  of  the  hilTn  which,  they  oompoae,  we 
always  find  them  cropping'  out  in  the  oame  order,  d  at  the 
top,  then  e,  then  b,  and  a  at  the  bottom. 

But  we  meet  with  a  vecy  different  state  ol  things  when 
we  follow  the  line  which  parte  the  two  giroups.  The  bed 
a  rests  first  on  ^2),  it  then  stretches  over  (1),  after 
leaving  the  latter  it  comes  again  to  lie  upon  (2),  and  then 
creeps  gradually  on  to  higher  and  higher  beds  till  it  is  in 
contact  with  the  highest  member  (6)  of  the  lower  group; 
still  further  to  the  right  it  oomes  to  ue  upon  (5)  and  (4)  m 
succession. 

Now  this  gradual  passage  of  the  upper  group  over  the 
edges  of  the  different  members  of  the  lower  group  can  be 
caused  only  in  two  ways — either  by  a  fault  bringing  one 
against  the  other,  or  by  an  unoonfonnity  between  the  two. 
On  the  left  hand  there  is  a  fault  bringing  about  this  result  ,- 
on  the  right  the  wavy  and  indented  nature  of  the  bounda^ 
would  be  all  but  concIusiTe  against  it  being  faulted,  even  if 
the  fb'ff  section  did  not  show  the  absence  of  any  fault. 

Having  assured  ouiselvee,  then,  that  there  is  no  fault  to 
cause  the  upper  group  to  abut  at  different  spots  against 
different  members  of  uie  lower,  wt  may  aevept  thi*  bthaviour 
«  MneUuiet  proof  wt  itulf  of  tat  wteon/ormiti/  bttwten  th*  two 
group*. 

Xaoldantal  ProoAi  of  Vnooufbrniity. — In  some  casee 
where  such  direct  proofs  of  unoonfonnitr  as  we  have  just 
described  are  sot  fortbooming,  we  may  detect  its  presence 
by  evidence  of  a  drcumstantial  kind. 

It  frequently  happens  that  the  bottom  bods  of  the  upper 
of    two  unconformable    groups    are   Conglomerates,   the 

ebbles  of  which  have  been  derived  from  £e  lower  group. 
lis  shows  denudation,  and  therefore  upheaval  of  the 
lower  group  before  the  up;^  '^S^  ^  ^  formed.  This 
has  bera.  the  case  in  the  section  in  Fig.  96,  with  the  bottom 
bed,  h,  of  the  middle  group. 

We  may  occasionally  detect  faults  or  igneous  dykes  which 
.  penetrate  the  lower  group,  but  do  not  run  on  into  the 
'  upper-  Fig.  96  furnishes  us  with  an  instance  of  this;  the 
dyke  d  terminates  at  the  base  of  the  bed  «,  and  the  abrupt 
way  in  which  it  is  cut  off  shows  that  it  must  oripnally  have 
extended  higher  up  than  now,  and  that  it  baa  been  trun- 
cated by  the  denudation  that  produced  the  floor  on  which  « 
rests.     Similar  cases  are  seen  in  the  diagram  Fig.  99. 

When  we  find  the  lower  of  two  groups  of  strata  intensely 
metamorphosed  and  the  upper  unchanged,  there  is  a  fair 
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IiTe8ampti<m  that  the  <»)eration  took  place  before  the  depo- 
8ition  of  the  latter,  and  that,  Uierefore,  an  interval  elapoed 
between  the  formation  of  the  two. 

DeooptETS  Appmunuio*  of  Uaeonlbniiitr  mrlny  ta 
Uads^Toud  SioolTitioa  <^  Sock. — In  cases  like  ttiese 
now  under  consideratioii,  where  the  lower  group  is  caloare- 
0U8  and  the  upper  allows  of  the  passage  of  water,  the  ob- 
server must  be  on  his  guard  against  too  hastily  inferring 
that  an  uneven  junction  necessarily  means  denudation  *» 
the  fonner  before  the  deposition  of  Uie  latter.  Under  such 
circumstances  it  may  be  that  the  two  may  have  been 
originally  laid  down  in  perfect  conformity,  and  that  sub- 
sequently carbonated  water  percolated  down  to  the  lime- 
stone, dissolved  it  away,  and  gave  rise  to  inequalities  and 
pot-holee  on  its  surface,  into  which  the  upper  beds  have 
settled  down.  In  Buch  a  case  the  irregularity  in  the  junction 
of  the  two  groups,  having  been  produced  after  the  deposi- 
tion of  the  upper,  is  no  proof  of  an  interval  having  existed 
between  the  formation  i^  the  two.* 

DocoptlTa    Ooafbruity.— In  the   examples  we  have 

S'tcd  the  evidence  for  an  unconformity  is  so  dear  that 
ere  is  no  room  for  a  mistake ;  but  unoonformities  are  not 
^waye  bo  easily  detected,  and  in  some  coses  on  apparent 
conformity  exists  locally  between  two  rock  systems  which 
are  really  violently  unconformable  to  one  another.  As  an 
instance  we  may  take  the  Magnesian  Limestone  and  the 
Coal  Measures  of  Yorkshire,  the  relative  lie  of  which  is 
shown  in  the  sketch-map  and  sectioii  in  Fig.  100. 

A  geologist  who  oon&ied  his  observationa  to  the  nei^- 
boorhood  of  the  point  A,  would  scarcely  b'e  able  to  detect 
there  any  signs  of  an  unconformity  between  these  two 
groups  of  ro^.  The  dip  of  both  is  in  a  general  way  to 
Che  east,  and  is  so  small  that  it  would  be  quite  impoesible 
to  say  from  such  measurements  as  oould  be  made  in  qaarriea 
or  limited  exposures  of  rock,  whether  there  was  any  dif- 
ference in  the  amount  of  inclination  of  the  two  formationB, 
When  we  oome,  however,  to  map  the  country  in  detail,  wo 
find  that  the  outcrops  of  the  Coals,  Sandstones,  and  other 
members  of  the  Coal  Measures  over  a  great  part  of  the  field 
trend  pretty  steadily  north  and  south,  but  that  at  either 
end  they  bend  round  to  the  east.  In  fact  the  portion  of 
the  Coal  Measures  exposed  at  the  surface  forms  a  half- 
basin.  Now,  over  the  central  part  of  this  basin  the  beds 
strike  north  and  south,  or  in  the  same  direction  as  the 
•  Sea  Quui  Jaunt.  OeoL  Boo.  c(  Lmdon,  xxii.  Vti. 
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Limeatone,  and,  as  long  as  tbia  armngement  preraile,  the 
two  formationB  exhibit  no  nnoonfonnitf ;  but  at  either  end 
of  the  baain,  where  the  easterly  strike  sets  in,  we  find  the 
Limeetone,  as  ve  go  either  to  the  north  or  the  south,  reeting 


COU,    FlEL 


n  on  lower  and  lower  bede  of  tlie  Coal  Measures, 
and  become  aware  how  disoordant  the  two  formations  are. 
We  then  realise  that  the  Coal  Ueosuree  have  been  thrown 
into  a  trough  and  largely  denuded  before  the  Limestone 
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began  to  be  fonned.  To  give  an  idea  of  the  amount  of  denu- 
dation, tbe  Limeetone  at  A  rests  on  beds  some  three  thousand 
feet  higher  up  in  the  Beriee  than  at  £:  bo  that  at  the  latter 
point  at  least  this  thickness  has  been  swept  away. 

Unconformitiee  like  these  might  escape  the  notice  of  a 
casual  and  hasty  observer,  but  they  would  be  certain  to  be 
revealed  by  the  mapping  of  a  large  tract  of  country. 

A  caae  of  deceptive  conformity  is  shown  in  Fig.  97.  The 
section  at  the  point  A  ^ves  no  indication  of  unconformity 
between  the  two  groups  shown  in  that  diagram,  but  the 
section  taken  as  a  whole  shows  that  a  marked  uuconformity 
exists. 

The  wBJuing  conveyed  by  such  instances  is,  not  to  rely 
too  much  on  apparent  conformity,  but  to  bear  in  mind  that 
it  may  be  only  local,  and  to  ascertain  by  widespread  ob- 
servations whether  this  is  so  or  not,  before  concluding  that 
a  set  of  rocks  form  a  conformable  series.  A  single  obser- 
vation will  often  establish  beyond  doubt  the  existence  of 
unconformity ;  extensive  research  will  be  required  before 
we  can  safely  say  beds  are  conformable  to  one  another. 

Orsrlap. — When  the  surface  of  a  group  of  rocks  has 
been  worn  by  denudation  into  hollows  and  these  have  been 
filled  by  the  deposition  of  a  second  set  of  strata,  it  neces- 
sarily happ^is  ttiat  each  bed  of  the  latter  will  extend  over  a 
laner  area  than  the  bed  next  below,  and  will  cover  it  up 
and  hide  it  from  view;  so  that  if  we  made  a  aection  across 
a  country  where  this  had  occurred,  we  should  find  each 
bed  of  me  upper  group  reaching  across  the  bed  imme- 
diately beneath  to  abut  against  the  sloping  sides  of  the 
hollow.  This  is  called  an  Overlap,  and  each  bed  is  said  to 
overlap  the  bed  below  it. 

In  (uagram.  Fig.  97,  we  see  very  clearly,  on  the  left-hand 
side,  the  oed  (1)  overlapping  (2)  ;  this  again  overlaps  (3), 
and  the  latter  overlaps  (4),  and  so  on.  The  existence  of 
the  beds  below  (1)  would  not  have  been  known,  if  it  had 
not  been  that  on  the  right-hand  side  denudation  has  re- 
moved a  portion  of  the  rocks  that  once  covered  them,  and 
has  laid  them  open  to  view.  Similarly,  in  section  4,  Fig. 
102,  (3)  overlaps  (2),  and  is  itself  overlapped  by  (4). 

Occasionally  we  mid  some  among  the  different  members 
of  a  formation  occurring  only  in  patches  here  and  there, 
because  the  conditions  necessary  for  their  formation  existed 
only  at  certain  spots ;  at  the  same  time  these  different 
members  overlap  one  another  against  the  sloping  surface 
of  a  group  of  older  rocks.    Gi«at  oompHcation  is  thus 
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introduced,  which  it  requiree  tlie  utmost  care  to  unraTeL 
A  Rood  inatanoe  oocura  on  the  north-eBstem  ^d^  of  the 
La£e  district.  If  we  turn  to  a  eeolo^cal  map  of  England, 
we  see  that  the  old  rocks  of  the  TTill  oountrv,  whidi  ore 
distinguislied  as  Silurian,  are  flanked  by  a  belt  of  a  newer 
formation,  the  Uountain  limeetone ;  but  evei;  here  and 
there  between  the  two  there  come  in  detached  patches  of 
an  intenaediate  group,  called  the  Old  Ked  Sandettme, 
which  consist  of  (^ngkimeratee  and  Bandstonee.  The  fact 
that  the  latter  does  not  form  a  continuous  band  between 
the  Silurian  rocks  and  the  Limestone,  but  occurs  only  in 
isolated  areas,  is  due  partly  to  the  oircumstance  that  it  was 
deposited  only  at  certain  spots,  and  is  therefore  not  present 
at  fdl  in  some  places,  and  partly  to  its  being  overlapped 
by  the  Limestone,  and  so  concealed  from  view  at  some 
places  where  it  does  exist.  During,  the  deposition  <rf 
these  rocks  the  order  of  events  was  as  follows.  The  boss 
of  hill  oounti;  was  upheaved  and  carved  out  by  denu- 
dation into  something  hke  its  present  shape  very  long 
ago ;  it  was  afterward  slowly  lowered  beneath  water,  and, 
as  it  went  down,  banks  of  ahingle  were  piled  up  along 
the  successive  shore -lines  formed  by  its  gradual  sub- 
mergence. It  is  easy  to  see  that  these  would  reach  their 
largest  dimensions  off  the  mouths  of  rivers,  whrae  the 
materials  for  their  formation  were  8up_plied  in  greatest 
abundance.  It  is  also  not  unlikely  that  the  hiUs  were  then 
occupied  by  glaciers,  and,  when  one  of  these  came  down  to 
the  water,  the  load  of  rubbish  on  its  back  would  ji^d 

Plentifully  matter  suitable  for  the  formation  of  shingly 
eposits.  And  thus  it  oame  about  that  the  Coni^omerate 
never  formed  an  unbroken  fringe  all  round  the  nills,  but 
was  deposited  only  in  patches  at  certain  spots.  As  depres- 
sion went  on,  it  was  accompanied  by  a  change  in  physical 
conditions;  the  ice  disappeared,  and  the  volume  of  the  rivers 
decreased,  so  that  they  brought  down  fine  Sand  instead  of 
their  former  coarse  detritus  ;  thus  thore  was  next  foniiod  a 
group  of  Sandstones,  less  coarsely  grained  than  tin-  Sliiuglu 
beds  which  preceded  them,  and  these  coi-ered  up  the  latter, 
and  extended  some  way  higher  up  the  Silurian  slope. 
Lastly,  continued  depression  gave  rise  to  a  deep  and  ex- 
tensive sea,  in  whidi  Limestone  was  formed;  this  was 
mainly  of  oq^anic  origin,  but  it  contains  in  the  neighbour- 
hood of  the  Lake  hUU  beds  of  mechanically  formed  sedi- 
ment derived  from  the  adjoining  land.  This  last  formation 
oovered  up  the  two  preceding  groaps,  and  abutted  at  a 
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higher  level  than  they  agamst  the  Silurian  rocka.  A. 
section  v-hich  crossed  countiy  where  all  these  groups  are 
present  would  run  as  in  section  4,  Fig'.  102. 

But  the  reader  may  ask  hotr  we  become  aware  of  the 
existence  of  the  Sandstone  and  Conglomerate,  which  in  the 
section  just  given  are  hidden  from  view  bj  the  Limestone. 


Kg.  102.— Sect  1. 


Their  presence  is  revealed  to  us  bj  the  occasional  removal 
of  ihe  overlying  beds  by  denudation,  in  the  way  shown  by 
the  sketch-map  in  Fig.  101.  The  district  is  traversed  by 
river  valleys :  of  these  A  B  and  £  F  run  over  ground 


Fig.  102.— Sect  a. 


Ii'neath  which  all  four  rook  groups  are  present,  and  cat 
d<  wn  deep  enough  to  show  them  all;  section  1,  Fig.  102 
eliowa  what  may  be  observed  in  either  of  these  vaUeys. 
Tl.e  val^y  C  D  lays  bare  the  Sandstone,  but  does  not  cat 

(11  (1) 

Fig.  IQ}.— Sect.  3. 

dcwn  to  the  underlying  Conglomerate,  the  position  of  which 
is  marked  in  section  2,  Fig.  102.  The  valley  Q  H  croBses 
a  fpot  where  the  Conglom^nte  is  absent,  but  shows  Sand- 
t'ti  ne  and  Limestone ;  section  3,  Fig.  102  runs  along  this 
valley.  Lastly,  in  the  oountiy  to  the  right  no  valleys  reach 
Ik  neath  the  base  of  the  Limestone,  but  it  is  likely  enough 
tLat  both  the  underlying  groups  may  be  locally  present 
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honeath,  as  shown  in  section  4,  Fig.  102.  Tlie  section 
No.  5,  placed  beneath  the  map,  will  further  illustrate  th« 
irregular  occurrence  of  the  Conglomerate. 


Fig.  10!.— Sect  «. 

It  is  right  to  add  that  the  Sandstone,  like  the  Cong^o* 
merate,  ia  local  in  its  occurrence ;  it  is  represented  as  con- 
tinuoue  in  the  figures  to  avoid  confusion. 

Practice  BaaringB. — It  is  of  the  utmost  importance  to 
understand  the  bearing  of  unconformity  and  overlap  when 
we  endeavour  to  determine  the  underground  continuation  of 
'  strata  from  observations  made  at  the  surface.  Thus  in  the 
diagram,  Fig.  97,  suppose  the  beds  (2)  and  (4)  to  be  Coal 
seams,  which  are  bemg  worked  from  their  outcrops  on  the 
right  towarda  the  left.  At  the  basset  edges  and  in  the 
siukings  at  B  and  C  they  are  regularly  ovemid  by  the  bed 
(I)anaaeparatedby  thebed(3),  and  wo  might  be  apt  hastily 
to  infer  that  wherever  we  found  the  bed  (1)  we  should  also 
find  these  seams  at  the  usual  distance  beneath  it.  But  if, 
on  the  strength  of  the  presence  of  (1)  in  the  section  at  A, 
we  commenced  te  sink  at  D,  our  enterprise  would  be  a 
failure,  because  the  Coals  we  were  in.  eearck  of  have  abutted 
unconformably  against  the  slope  of  an  under^ound  ridge 
of  lower  roc^  before  reaching  that  spot.  But  a  careful 
examination  of  the  whole  of  the  section  at  A  would 
evidently  have  prepared  us  for  the  poesibility  of  this 
being  the  case,  for  it  would  have  shown  us  immediately 
beneath  (1)  not  the  Coal  eeam  (2),  but  a  totally  different 
rock,  and  opened  our  eyes  to  the  true  structure  of  the 
district. 

A  most  serious  failure  arising  from  a  cause  of  this  kind 
occurred  in  a  boring  for  water  at  Eentish  Town,  for  the 
details  of  which  see  Quarterly  Journal  of  iht  Otologie^ 
Sowtj/  o/ZoitdiM,  xii.  6,  and  the  Uemoir  of  the  Geological 
Survey  of  England,  on  Sheet  7,  Appendix  3. 

As  another  instance  I  may  mention  an  abortive  boring 
for  Coal  in  South  Staffordahire,  described  in  the  "  Man- 
chester Science  Lectures  for  1871,"  2nd  series,  p.  17. 
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Thiouglkout  this  chapter  ve  hare  constantly  aAenmcd  the 
remoral  of  enormous  thiokneesee  of  rock  by  denudation. 
Uany  of  the  seotions  we  hare  given  are  in  themselves 
proofa  that  such  an  aasmnption  u  fully  iuatified  by  facte, 
out  the  reader  will  realise  more  fully  the  constant  repe- 
tition of  denuding  action,  and  the  vast  extent  to  which 
denudation  has  gone  on,  after  going  through  the  next 
chapter. 
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CHAPTER  X. 


"  Now  ooDoerninB  th«  aiallaljon  of  tbe  saaaaiaiat  aboTe  the  allien 
it  »ppMreth  to  come  to  pua  by  the  water  in  former  tiinM,  whose 


C 


.      ]  to  pua  by  t 
iroperly  it  to  wear  avsy  by  ita  motioii  tbe  moit  looae  euth,  and  li 

wve  the  mote  firm  ffronnd  and  rocky  placta  highort." — A  P 

or  SnamaiMUi.  TsuniBM  (Qabhiil  Plattib,  17S8}. 


Where  JW,  foil  m 
Weart  with  Me  t»ge  n' 
Candnmiied  to  mine  a  chauuslLed  wajr 
IJiniugh  lolid  iheeta  of  marble  grey." 

BOMT. 


Yl/iS  have  now  made  oniselTee  a«j^uainted  irith  tbe  pro 
VV  oeases  b^  wIuoIl  the  matenals  that  compose  the 
ground  on  which  we  live  and  move  weie  brought  together, 
compacted  into  their  present  form,  and  placed  in  their 
present  poeition ;  our  next  etep  will  1)6  to  inquire  how  the 
surface  of  that  ground  has  had  its  present  shape  given  to 
it — how  mountain-chains,  table-lands,  hills,  Talleys,  and 
plains,  and  all  the  lesser  inequahtiee  that  diversify  the  fsoe 
of  the  earth,  were  produced. 

SnrflMM  AjM  to  PMradatJon. — ^We  saw  in  the  last 
chapter  that  the  crust  of  the  earth  has  been  from,  time  to 
time  crumpled  and  folded  into  troughs  and  arches,  and 
nothing  would  be  more  natural,  when  we  see  a  moun- 
tain or  hill,  than  to  suppose  that  it  is  one  of  the  arches, 
and  that  the  valley  which  lies  at  its  foot  runs  along  the 
line  of  one  of  the  trou^is ;  that,  in  fact,  if  we  were  to 
out  a  deep  trench  acioea  hill  and  valley,  we  should  see  is 
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its  sides  that  the  rocks  vere  arraiiged  underground,  as  in 
F«.  103. 

Notliiiig,  certainly,  conld  be  more  natural  than  to  sup- 
pose this  vould  be  Uke  ca«e  ;  but  a  -veij  little  examinatioa 
suffices  to  shoT  us  that  no  supposition  could  b;  any  pos- 
sibili^  have  been  made  so  utterly  contrary  to  fact.  £1  a 
very  large  majority  of  cases  we  £nd  that  the  rocks  that 
form  a  hill,  lie  in  a  trough,  instead  of  being  bent  up  into 
an  arch;  and  that  a  line  of  volley,  instead  of  coinciding 
with,  a  tfough,  runs  along  the  crest  of  an  arch  on  the  rocks 
below. 

In  othn  cases  the  hills  and  valleys  have  apparently  not 
even  so  much  oonnectitm  as  this  with  the  folds  into  which 
the  rocks  have  been  bent.  And  even  in  those  cases  where 
the  rocks  forming  a  mountain  are  ardked  and  plunge  down 
on  each  side  in  the  same  direction  as  the  slope  of  the 
ground,  if  we  draw  a  section  across  the  hill,  and  are 
careful  to  pot  in  the  inclinations  of  its  sides,  and  of  the 


fig.  101. — BaoTiOK  sHowixa  wiut  woiiij)  bs  the  Okoumiiiui. 
Snuomu  or  a  Couktbt  if  ths  Hilu  coihciubd  with 
Amticlihali. 

Iieds  composing  it,  as  they  occur  in  nature,  we  see  at 
once  that  the  arch  is  incomplete,  that  targe  portions  of  it 
have  been  carried  away,  and  that,  though  the  formation  of 
the  hill  may  have  begun  with  a  bending  up  of  the  rocks, 
some  other  cause  must  have  operated  on  it  to  give  it  its 
present  outline. 

The  section  in  Fig.  104  would  give  a  truer  idea  of  the 
relations  between  the  shape  of  the  ground  and  the  lie  of 
the  rocks  beneath  it.  On  the  left  we  have  two  hills,  the 
rocks  of  which  lie  in  troughs,  and  vaUeys  between  cut  out 
of  the  crests  of  arches  in  the  rocks ;  then  follows  a  tract 
where  tlie  beds  are  folded  into  sharp  curves,  but  the 
surface,  instead  of  following  these  curves,  has  been  planed 
away  till  it  cuts  across  them  in  every  direction.  On  the 
right  are  lofty  mountains,  from  the  summit  of  which  tlie 
beds  dip  away  on  each  side  in  the  same  general  direction 
OS  the  slope  of  the  ground,  and  where  surface  outline  does 
follow,  to  a  certain  extent,  the  flexures  of  the  rocks,  and  a 
broad  valley  between  in  which  the  arrangement  of  the 
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rocka  ia  trough-like.    But  look 
at  this  last  case  a  little  more 

oloeely ;  the  surface  is  nowhere  a 

formed  for  any  space  hj  a  plane  a 

of  bedding,  the  arch  is  more  or  ^ 

less  tninoated  and  defaced,  and,  ^ 

in  order  to  see  it  as  it  was  when  •  3 

the  rocka  were  first  folded,  we  \  S 

should  hare  to  put  back  the  far-  ■ 

tione   shown   by  dotted    lines,  *• 

which  have  evideotlf  been  car-  S 

ried  away.     It  ia  easy  to  see,  ■ 

for  instance,  that  portions  cmly  3 

of  die  bed  marked  A  remain  on  ^ 

the  mffuntain-tope  and    in  the  S 

valley;  if  it  had  originally  the  ^ 

same    thickness   throughout,    it  "  i 

must  once  have  reached  np  to  *J 

the  dotted  oontinuatioa  of  its  up-  i; " 

por  surface,  and  the  parts  be-  3  " 

tweea  that  line  and  the  preeent  c3  '^ 

surface  are  gone.     The  group  of  ■  ° 

beds  markM  B  also  so  exactly  t-^ 

correspond  on  opposite  sides  of  o  ^ 

the  chain,  that  we  feel  sure  the  g  g 

portions  zu>w  so  widely  discon-  g  3 

neoted  must  hare  once  formed  il  3 

parts  of  an  unbroken  sheet  of  a  g 

strata,  that  this  has  been  bent  ^p 

in  the  direction  shown  up  in  the  g 

air  by  the  dotted  linee,  and  the  " 

portion  between  the  two  present  3 

outcrops  has  been  remov^.  The  ^ 

reader  will  see  by-and-by  that  it  S 

does  not  necessarily  follow  from  S 

'   this  that  the  mountains  have  ever  ■ 

been  as  high  as  the  restoration  of  g 

the  missing  parts  of  the  beds  P 

would  mi^e  them;  all  that  is  M 

asserted  is,  that  the  portions  be-  T 

tween  the  dotted  linos  and  the  3 

surface  h^ve  been  removed.  ", 

The  inequalities  of  the  surface  j^ 
of  the  ground,  then,  are  not  due, 
or  are  due  only  in  a  minor  degree, 
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to  the  folds  into  which  the  locks  beneath  it  have  been 
thrown ;  some  words  used  a  little  way  back  point  unmistak- 
ably to  the  cause  to  which  they  are  mainly  due.  Gompletine 
the  curves  in  Fig^,  104,  and  restoring  the  arch  to  its  original 
ehaj>e,  we  find  that  parts  of  it  hare  been  carried  ateat/. 
Again,  why  does  the  niU  on  the  left  atand  up  eo  oonepi- 
cuously  ?  The  rock  at  the  summit  and  those  on  its  flanks 
did  not  originally  terminate  where  th^  do  now,  but 
stretched  ri^t  and  left,  as  shown  by  the  dotted  lines. 
These  dotted  parts  have  been  carried  away.  The  reader  has 
doubtless  before  this  said  to  himself,  "  Yes ;  and  what  car- 
ried them  away  can  have  been  nothing  else  but  denuda- 
tion ; "  and  he  will  be  right,  for,  as  far  as  we  know,  there 
is  nothing  else  that  can  have  done  it. 

The  conclusion,  then,  we  come  to  iq,  that  in  most  cases 
valleys  have  been  carved  out  by  denudatioa,  and  hills  are 
what  denudation  has  spared  ;  and  that  even  in  those  cases 
where  bills  and  valleys  may  have  originated  in  a  bending 
up  or  bending  down  of  the  rocka  beneath  them,  their  out- 
line is  still  very  largely  due  to  denudation. 

It  will  be  enough  to  refer  the  reader  to  two  of  the  count- 
less  instances  in  which  not  a  doubt  can  exist  that  striking 
hills  are  merely  remnants  that  have  -escaped  denudation. 
No  bettor  proofa  of  the  truth  of  this  assertion  can  be  found 
than  the  mountains  on  the  west  coast  of  Sutherland  and 
Ross,  figured  in  "Siluiia,"  p.  170,  and  so  eloquently  de- 
scribed by  Hugh  Miller  ("The  Old  Red  Sandstone,"  p.  56); 
and  the  Scilr  of  ^gg,  described  by  Professor  A.  Qeikie 
(Quart.  Joum.  Oeol.  Soc.  of  London,  xxvii.  303.) 

The  truth  that  the  present  inequalities  of  the  surface  are 
mainly  due  to  denudation  was  first  clearly  seized  upon  by 
Hutton.  His  conclusions  are  thus  elegantly  summed  up 
by  Flayfair.  "It  is  where  rivers  issue  through  narrow 
defiles  among  mountains  that  the  identity  of  the  strata  on 
both  sides  is  most  easily  recognised,  and  remarked  at  the 
same  time  with  the  greatest  wonder.  On  observing  the 
Potomac,  whera  it  penetrates  the  ridge  of  the  Alle^iany 
Uountains,  or  the  Irtish,  as  it  issues  from  the  de^es  of 
Altai,  there  is  no  man,  however  little  addicted  to  geological 
speculations,  who  does  not  immediately  acknowledge  that 
the  mountain  was  once  continued  quite  across  the  space  in 
which  the  river  now  Sows ;  and,  If  he  ventures  to  reason 
concerning  the  cause  of  so  wonderful  a  change,  he  ascribes 
it  to  some  great  convulsion  of  nature,  which  has  torn  the 
mountain  asunder  and  opened' a  passage  for  the  waters. 
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It  ia  only  the  philosopher,  vho  has  deeply  meditated  on  the 
effects  which  action  long  contiiiued  ia  able  to  produce,  and 
on  the  simplicity  of  the  means  which  Nature  employs  in  all 
her  operations,  who  sees  in  this  nothing  but  tne  gradual 
workiiig  of  a  stream,  which  once  flowed  over  the  top  of 
the  ridge  which  it  now  so  deeply  intersects,  and  has  cut  its 
course  through  the  rock  in  the  same  way,  and  almost  with 
the  same  instrument,  by  which  the  lapidaiy  divides  a  block 
of  marble  or  granite."  * 

Amount  of  Danudatioii. — It  is  desirable  at  the  outset 
that  we  should  clearly  realise  how  enormous  has  been  the 
amount  of  the  matter  carried  away  to  form  the  present 
surface  of  the  ground.  For  this  end  ihe  reader  cannot  do 
better  than  turn  to  Frofeeaor  Bamsay's  paper,  "On  the 
Denudation  of  South  Wales  and  the  adjacent  Counties  of 
England"  ("Memoirs  of  the  Geological  Survey  of  Great 
Britain,"  vol.  i.  p.  297).  To  illustrate  the  methods  employed 
to  calculate  what  is  the  quantity  of  rock  that  has  been  re- 
moved, one  of  the  sections  of  that  paper  is  reproduced, 
with  trifling  modificationa,  in  Fig.  105.  The  part  drawn 
with  strong  lines  represents  the  rooks  below  the  surface ; 
it  is  constructed  by  first  obtaining  an  accurate  profile  of  the 
ground  by  levelling;  &e  different  beds  that  come  out  to-day 
along  the  line  are  then  examined,  and  their  dips  measured, 
and  they  are  then  drawn  in,  each  with  its  proper  dip.  In 
this  way,  starting  on  the  south,  we  pass  over  four  groups 
of  rocks,  which  are  called  re^ectively  Coal  Measures,  Car- 
boniferous Limestone,  Old  Red  Sandstone,  and  Silurian, 
and  come  out  one  from  below  another  in  the  order  in  which 
they  have  been  named,  with  a  steady  rise  to  the  north. 
About  A  the  southerly  dip  begins  to  decrease,  a  little  farther 
to  the  north  we  reach  a  point  where  the  beds  are  observed 
to  lie  flat,  and  after  passing  this  point  a  i^  to  the  north  sets 
in  and  gradually  increases  in  amount.  This  shows  us  that 
A  lies  on  the  crest  of  an  arch,  or  anticlinal,  into  which  the 
rocks  have  been  bent.  If  we  continue  the  same  kind  of 
observationB,  we  find  that  this  arch  is  succeeded  by  a 
trough,  and  the  trough  again  by  a  second  arch,  on  the 
nor^em  flank  of  which  the  dip  is  steadily  to  the  north  up 
to  the  end  of  the  section. 

In  the  Silurian  rooks  there  is  a  well-marked  and  easily 
TeHX>gnifled  bed  of  Limestone  marked  by  a  black  band. 
This  bassets  at  £  and  C,  but  the  bed  cannot  have  origin- 
ally ended  at  these  points  as  it  does  now.  Before  the  strata 
•  Works  i.  118. 
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were  folded  into  their  preeent  form,  it  must  h&ve  apread 
out  as  an  unbroken  sheet  tlLrougK  the  body  of  the  Siluriaii 
rooks  ;  and  if  we  carry  on  its  under  and  upper  boundariea, 
bending  them  ao  that  tlieir  dip  may  be  always  the  same  aa 
that  obeerred  in  the  rocks  beneath,  we  shall  see  how  much 
of  the  loBiestone,  and  of  the  beds  under  it,  has  been  swept 
awaj  in  the  course  of  the  formation  of  the  present  surface. 
In  uie  same  way  we  detennine  the  original  connection  of 
the  bassets  of  this  bed  at  C  and  D.  Again,  tha  Old  Bed 
Sandstone  appears  on  bottk  sides  of  die  arch,  but  it  cannot, 
any  more  thui  the  Limestone  bed,  bare  ended  originally 
OB  it  does  now.  Let  us  carry  on  its  upper  and  under 
boundaries,  being  careful  to  keep  them  ereiywhere  parallel 
to  the  ourres  drawn  for  the  Limeetone  bed,  and  we  shall 
obtain  the  outline  of  the  belt  which  once  connected  the 
detached  outcrops  on  the  southern  and  nortliem  flanks  of 
the  arch. 

The  lines  showing  the  former  connection  of  the  rocks, 
obtained  in  tbe  manner  just  described,  are  dotted,  and  the 
tinted  space  between  them  and  the  surface  shows  how 
much  hek  been  swept  off  by  denudation.  The  scale  of  the 
section  is  the  same  for  heights  and  distances,  bo  that  erery- 
tlking  is  in  its  true  proportion,  and  a  glance  will  show  how 
jnaigTiifipATit  ig  the  portion  of  the  roi^  that  now  remains, 
com^iared  with  that  which  has  disappeared.  The  tinted 
portion  in  the  figure  is  more  than  two  square  miles  in  area, 
BO  that,  for  every  mile  in  the  length  of  the  anticlinal,  upwards 
of  two  cubic  miles  of  material  must  have  been  swept  off  to 
give  us  the  present  surface — enough  to  cover  the  whole  of 
Great  Britain  to  a  depth  of  nearly  a  foot.  And  tliis  is  not 
all,  for  probably  not  only  the  Old  Ked  Sandstone,  but  the 
Carboniferous  Limestone  and  the  Coal  Ueasures  as  well, 
were  once  continuous  over  the  area,  and  they  are  wholly 
gone  along  the  gi«ater  part  of  the  line. 


The  surface  of  the  earth,  then,  has  been  carved  into  its 
present  shape,  and  denudation  is  the  instrument  that  did 
the  work.  We  have  already  seen  that  a  number  of  different 
agents  take  part  in  the  process  of  denudation,  and  we  must 
now  inquire  how  the  task  has  been  portioned  out  among 
them.  In  a  former  chapter  on  denudation  we  dealt  mostly 
vith  the  character  of  the  waste  resulting  from  it«  action ; 
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we  have  here  to  look  to  the  kind  of  Borfacee  that  each  of  its 
.cutting'  tools  givee  riae  to. 

Bh&TS  of  th«  S0». — We  will  beg^  with  the  aea.  A 
Teiy  little  refieotion  will  oonTinoe  us  that  even  at  moderate 
-depths  the  sea  can  do  rery  little  denuding  work  of  any 
kind.  We  have  seen  that  running  wnter  oj  itself  is  not 
able  to  cut  or  wear  the  rocks  it  flows  OTar ;  but  that,  if  the 
current  ia  strong  enough  to  cany  in  suspenaion,  or  roll 
^ong  coarse  sediment,  a  large  amount  of^  erosion  is  pro- 
dnced  by  the  aid  of  the  latter.  Now  the  circulation  of  the 
depths  cJ  the  ocean  is  carried  on  by  currents  in  all  proba- 
biht;  of  very  moderate  Telocity;  and  the  water,  if  it  hold 
anytiiing  in  suspension,  must  be  chained  with  fine  mud  or 
ooze  instead  of  the  rough  sediment  which  enables  rivers  to 
exert  BO  powerful  a  cutting  action.  That  this  is  the  nature 
of  a  veiy  large  proportion  of  deep  sea  bottoms  has  been 
abundantly  shown  by  soundings,  and  even  in  the  cases 
where  the  aea-bed  is  strewn  with  coarser  detritus,  a  large 
fragment  is  of  rare  occurrence.  Professor  Wyville  Thomson 
gives  two  Buch  cases  met  with  in  dredging  to  the  north  of 
Scotland.  In  one  haul  the  largest  pebUe  weighed  421 
grains  or  J-  of  an  ounce,  and  may  have  been  about  the  eize 
of  a  walnut,  and  no  other  was  met  with  anything  like  so 
large.  In  another  case  718  fragments  were  brought  up 
from  a  depth  of  1,443  fathoms  ;  one  weighed  3  grains,  the 
reet  being  from  I  to  a  ^  of  a  grain  in  weight.* 

The  deep  portions  of  the  sea,  therefore,  do  not  possess 
the  conditions  necessary  for  denudation,  and  we  may  con- 
clude that  the  only  change  that  can  happen  to  a  surface 
buried  beneath  them  will  be  the  gradual  filling  up  of  any 
inequalities  that  may  exist  by  the  depositicm  of  fine  sediment. 

But  it  is  otherwise  when  we  come  to  the  coast-line. 
There  we  find  abundant  implements  of  destruction  fur- 
nished by  the  piles  of  broken  rock  and  rubbish,  which 
atmospheric  disintegration  and  the  undermini^  of  the 
waves  are  always  detaching  frtmi  the  cliffs,  ^ese  the 
breakers,  as  they  are  driven  in  by  violent  gales,  hurl 
against  the  rocks  of  the  shore,  and  in  this  way  incessant 
destruction  of  the  latter  goes  on,  the  land  is  slowly  worn 
back,  and  the  sea  advances  steadily  inland,  f  But  this 
takes  {dace  only  between  the  limits  of  bi^  and  low  tide, 
and  practically  marine  denudation  is  confined  to  this  zone. 
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The  sea  then  aeta  powerfully  in  working  haei  the  coatt-lint, 
hut  il  doet  not  oxert  any  appreciable  teearing  action  lelow  the 
level  of  the  loweet  tide ;  the  result,  therefore,  of  marine  denu- 
dation must  be  to  wear  down  a  eotmtry  evltmititd  to  itt  in- 
fiutnee  to  an  even  turfaee  eoineiding  approximately  with  the 
level  of  the  loweet  tide*.  When  it  hAs  done  tbia,  it  can  do  no 
more  in  the  wa;  of  destructioa,  and  it  suddenly  changes 
its  part  to  that  of  a  conservatiTe  agent,  for  its  waters  pro- 
tect the  plain  so  toimed  from  the  action  of  other  denuaing 
forces. 

Of  course  it  ia  not  intended  to  assert  that  the  sea  every- 
vhere  adranoee  at  the  same  rate ;  its  ptogress  depends  on 
the  hardness  and  structure  of  the  rocka  opposed  to  it,  as  we 
shall  see  more  fully  in.  a  subsequent  section  of  this  chapter. 
It  is  this  irregular  advance  uiat  gives  rise  to  bays  and 
promontories  and  other  inequalities  of  the  coast-line ;  but, 

S'ven  time  enou^,  even  the  boldest  headland  will  be  at 
at  cut  back.  Isolated  pinnacles,  stacks,  and  skerries 
often  hold  their  own  for  a  long  time  u^ainst  marine 
denudation,  and  stand  up  as  landmarks  to  M\.av  the  space 
over  which  it  has  worked  its  way,  but  in  the  end  these  are 
undermined,  topple  over,  and  are  cleared  away. 

Plain  of  Kftriu*  Danodatioii. — The  even  surface  that 
would  result  from  the  action  of  marine  denudation  alone 
is  called  a  "  Flain  of  marine  denudation." 

Bnt  in  order  to  get  such  a  plain  we  must  not  have  any 
danuding  forces  at  work  besides  the  sea,  for  a  very  short 
exposure  to  subacrial  denudation  would  soon  destroy  the 
uniform  flatness  which  is  its  characteristic  feature.  Such 
a  thing  then  as  an  unmodified  plain  of  marine  denudation 
never  can  have  existed ;  and  if  there  ever  had  been  such  a 
thing)  we  cannot  expect  to  find  any  cases  where  it  still 
retains  perfectly  its  original  character. 

But  by  careful  attention  we  can  yet  detect,  even  among 
the  wonderfully  diversified  features  of  the  present  surface, 
traces  of  the  horizontal  planing  of  the  sea  by  which  that 
surface  began  to  be  formed.  If  we  draw  a  section  on  a 
true  scale  across  a  oountrr  free  from  great  mountain 
chains,  it  will  in  many  cases  be  something  such  as  is  shown 
in  Fig.  106.  There  will  be  hills  and  valleys,  but  it  will  be 
foimd  possible  to  draw  a  straight  line,  A  B,  gently  inclined 
^  seawalls,  that  will  touch,  or  nearly  touch,  the  tops  of  most 
of  tjie  hills,  while  none  of  them  will  rise  above  it.  If  we 
took  a  raised  map  of  the  country  and  laid  a  flat  board  upon 
it,  the  same  would  be  true  for  ike  board.    Now  it  is  likely 
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that  the  Burface  represented  by  the  board  is  the  flat,  that 
Tould  have  followed  from  marine  denudation,  if  othw 
denuding  agents  had  not  oome  in  to  modify  the  result 
which,  acting  alone,  it  would  have  produced. 

A  very  striking  instance  where  such  a  plain  as  we 
have  described  con  still  be  veiy  distinctly  reoognised,  was 
brought  before  the  writer's  notice  during  a  short  ioumey 
on  horseback  over  the  wild  country  in  the  west  of  Anda- 
lusia. At  first  view,  this  region  seemed  to  be  a  gently 
undulating  en)BnBe,  stretching  out  as  far  as  the  eye  could 
reach,  over  which  it  looked  as  if  one  oonld  ride  straight 
away  without  check  or  hindrance.  A  very  short  tune 
Bofficod  to  show  how  different  the  reality  was  from  the 
appearance.  Steep-sided  valleys,  sometimes  deserving  the 
name  of  ravines,  stretched  across  the  routo  in  quick  suo- 
eeeeion,  down  which  the  horses  had  warily  to  pick  their 
way,  and  out  of  which  they  had  laboriously  to  toil,  and 
for  a  great  part  of  the  way  the  rate  of  progress  did  not 
praoti^iLly  exceed   a   foot's    pace.      The  conviction   was  - 


forcibly  brought  home  to  the  mind  that  the  history  of 
the  formatian  of  the  surface  was  something  like  this.  The 
country  had  been  first  smoothed  away  by  some  horizontally 
planing  force  to  an  even  surface,  and  afterwards  the 
valleys  had  been  cut  down  below  its  level  by  a  trencblue 
prooesB  that  acted  vertically.  After  what  has  been  said 
the  reader  will  recognise  the  sea  as  the  first  of  these  agents, 
and  he  will  shortly  see  that  the  excavators  of  the  valleys 
have  been  rivers  that  ran  in  them. 

Shar*  of  Snbaoiial  Desnding  Agmtm.—'Biwrm. — 
We  may  next  turn  our  attention  to  suba«rial  denuding 
agents,  and  first  among  these  we  will  take  rivers.  The 
coarse  sediment  that  is  swept  along  the  bottom  wears  away 
the  bed,  and  therefore  rivers,  as  long  as  they  have  sufficient 
fall,  are  constantly  de^ening  their  diannels.  The  banks 
are  also  undermined,  and  from  time  to  time  portions,  which 
have  been  thus  deprived  of  support,  break  ofif  and  fait  into 
the  stream,  and  the  channel  thus  becomes  teiihtud.  But 
ito  sides,  from  the  way  in  which  they  are  formed,  will 


)  by  Google 


ACnON  OP  EIYEES.  41.i 

always  tend  to  be  steep ;  their  inclination  will  depeud,  just 
as  in  tlie  caae  of  a  imlway  cutting,  on  the  angle  at  wnich 
the  material  of  the  banks  will  stand ;  but  it  will  always  be 
eonsiderable,  unless  some  other  denuding  agent  comea  in 
to  modify  the  results  which  would  be  produced  by  river 
addon  alone. 

RtMri,  therefore,  art  denuding  tooU,  whioh  Und  to  ad  iteep' 
tidtd  trenehet  aerou  a  eountry  ;  and  thett  trtnehtt  tiug  art  eon- 
tinuaUy  de^ptning  a*  long  at  they  have  any  i^tpreeiahle  fail. 

It  will  be  at  once  objected  to  this  generalization,  that 
this  is  not  the  character  of  the  river  vaUeys  we  are  moat  of 
OB  acquainted  with ;  but  the  reasons  for  this  is,  that  we 
hare  "veiy  few  of  ue  eeen  a  valley  that  is  due  to  river  action 
alone.  In  the  formation  of  most  river  vaUeya  other  denud- 
ing agents  besides  the  stream  that  flows  in  them  have  had 
a  share,  and  the  shape  of  the  valley  is  the  result  of  the 
joint  action  of  all.  But  a  case  will  be  given  immediately 
in  which  the  river  has  not  been  interfered  with,  and  here 
we  shall  see  that  the  result  has  been  exactly  such  as  we 
described. 

We  will  first  point  out  how  most  river  valleys  lose  the 
trench-like  form  with  which  lliey  must  have  started.  Bain 
and  the  action  of  the  weather  round  oS  the  edges  and  break 
down  the  sides  of  the  trench,  and  thus  the  steep-sided 
gorge  gradually  opens  out  into  a  broad  valley,  and  the 
widening  goes  on  as  long  as  the  slopes  are  steep  enough 
to  allow  the  disintegrated  matters  to  be  washed  down  into 
the  stream.  One  test  of  the  correctness  of  this  explanation 
readily  siu^ieats  itself.  If  it  is  true,  the  width  of  uie  valley 
ought  to  depend  on  the  ease  with  which  the  rocks  on  its 
fltraks  yield  to  atmospheric  wear.  This  is  found  to  be  the 
case.  Uany  river  v^eys  show  along  their  course  alterna- 
tions of  broad  flats  and  narrow  steep-sided  goives ;  in  such 
oases  it  is  always  found  ttiat,  where  the  valley  is  broad  and 
open,  the  river  is  running  across  easily  denuded  strata ; 
but  that,  wherever  a  ravine  occurs,  its  banks  are  formed  of 
nnyielding  rocks.  An  instance  of  this  is  shown  in  Fig.  107  ; 
the  portion  of  the  valley  in  the  foreground  slopes  gently  up 
from  the  river-banks,  but  when  the  river  crosses  Uie  ra^ee 
of  hills  in  the  distance  the  valley  contracts  into  a  ravine.  On 
the  right-hand  side  is  a  section,  such  as  would  be  given  by 
a  very  deep  railway  cutting,  which  lays  open  the  geolc^oal 
structure  of  the  ooontiy ;  and  this  shows  os  that  tlie  part 
where  ttie  gorge  occurs  is  formed  of  hard,  thickly-beaded 
Limestone,  while  the  more  undulating  pordon  is  underlai4 
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hj  soft  Shale.  Examples  of  this  kind  are  oommoii  enou^ 
rmmd  the  border  of  the  Carbonif  eroua  LimeBtone  of  Derby- 
shire ;  as,  for  instanoo,  where  the  Birei'  Derwent  enters  the 
limestone  tract  about  a  mile  above  Hatlock.  The  goive 
here  was  orisinallj  only  just  broad  enough  to  admit  the 
river ;  and,  when  the  high  road  was  oarried  along  the  vallt^, 
the  gap  had  to  be  widened  by  blasting  away  its  rooiky  waU. 
We  also  frequently  meet  with  river  valleys  whose  section 
is  like  that  in  Fig.  106,  broad  with  gentle  slopes  in  the 
upper  part,  and  a  deep  steep-sided  trench,  in  which  the 
nver  flows,  in  the  middle.  In  such  a  esse  we  find  on 
examination  that  the  upper  beds  axe  soft,  and  have  been 
largely  worked  back  by  atmospheric  causes ;  hut  as  soon  as 
the  river  had  cut  down  to  the  more  indestructible  rock  at 
the  bottom,  the  trench  which  it  ate  out  retained  more 
nearly  its  original  shape. 


Fig.  IDS. — Bmtmow  Actom   x  Rivn  Vallst,  wrtK  oiktls  Buipm 
wBiai  THE  Bamu  au  rraiTMD  or  Son  Bon,  KJimKow  and 

BTBBr-in>MD  WHiai  THB  &TXXAH    HAl  C7UT  DOWN  I«  HAKD  EoCK. 

Cuion  of  Colorado  an  Examplo  of  Biror  Aetlon. — 
But  these  are  matters  that  will  have  to  be  considered  more 
fully  further  on  ;  let  us  now  see  if  we  can  anywhere  hear 
of  a  river  valley,  where  the  stream  has  been  let  alone  to  do 
its  work  without  the  interference  of  other  denuding  agents, 
and  learn  what  the  result  of  that  work  has  been.  No 
better  instance  can  be  given  than  the  well-known  one  of 
the  Colorado  Kiver  of  the  West,  which  entities  itself  into 
the  Gulf  of  California.  This  stream  flows  Kir  nearly  three 
hundred  miles  of  its  course  in  a  profound  chasm,  sometimes 
not  more  than  flfty  yards  wide,  the  walls  of  which  are 
approximately  verdcd,  and  vary  in  height  from  three  thou- 
sand to  six  thousand  feet ;  that  is  to  say,  the  gorge  is  in 
places  more  than  a  mile  deep. 

No  one  can  deny  the  tranch-Iike  character  of  such  a 
channel;  but  are  we  sure  that  it  has  been  cut  by  the  river? 
The  first  explanation  to  suggest  itself  is,  that  this  mighty 
chasm  is  a  rent  torn  open  by  an  earthquake  or  some  airoilftr 
oonvulsion,  which  the  river  has  appropriated  to  its  use.  A 
little  examination  shows  that  tlus  has  certainly  not  beea 
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the  way  m  wHch  it  vas  formed.  The  beds  on  oppoeite 
Bides  oorrespond  perfectly ;  and  the  rock  at  the  bottom, 
though  deeply  eaten  into,  is  nowhere  fissured  and  broken. 
But  what  completely  settles  the  question  is  the  fact  that 
the  country  on  both  sides  is  channelled  in  every  direotion 
by  innumerable  narrow,  steep'sided,  winding  chasms, 
■which  differ  from  that  of  the  riyer  only  in  size.  These 
minor  chasms  all  spring  from  the  main  gorge,  and  divide 
and  subdivide  as  mey  recede  from  it ;  and  Sieir  arrange- 
ment is  so  exactly  like  the  branching  network  of  a  river 
and  its  tributary  brooks,  that  there  cannot  be  a  shadow  of 
a  doubt  that  it  was  from  sudi  a  system  that  they  took  their 
rise,  and  that  each  has  been  made  by  a  stream  eating  Its 
way  lower  and  lower  down,  till  this  extraordinary  assem* 
blage  of  ravines,  which  are  known  by  their  Spanish  name 
of  canons,  has  been  produeed- 

This  explanation  is  further  confirmed,  when  we  find  at 
various  points  along  the  canon  patches  of  Biver  Gravel 
lodged  far  above  the  level  of  the  highest  floods,  and  great 
sheets  of  similar  Gravel,  spreading  over  the  flat  bottom  of 
the  valley  where  it  opeua  out  below  the  gorge,  the  pebbles 
of  which  afe  formed  of  the  rocks  at  the  top  of  the  wall  of 
theoanon. 

There  can  be  no  doubt,  then,  that  the  Great  Canon,  .and 
the  innumerable  ravines  that  spread  out  from  it,  have  been 
formed  by  streams  that  run,  or  once  ran,  in  them ;  and, 
what  is  more,  the  other  condition  we  were  in  search  of  is 
also  satisfied  here,  no  other  denuding  force  hat  had  a  fhar» 
in  their  formation.  For  the  district  is  practically  rainless ; 
and  this  is  the  reason  why  the  canons  are  so  markedly 
trench-like — there  has  been  no  atmospheric  wear  to  round 
vS  their  edges  and  work  back  their  walls. 

We  have  found,  then,  here  exactly  what  we  wanted,  a 
case  of  river-action  pure  and  simple ;  and  learn  from  it  that 
rivers  are  denuding  took  that  act  vertically,  and  that  the 
channels  they  cut,  when  they  aro  left  to  themselves,  are 
steep-sided  trenches. 

The  line  of  reasoning  we  have  been  pursuing  will  be 
perhaps  made  somewhat  clearer,  if  we  consider  a  httle  more 
in  detail  the  formation  of  the  Great  Canon  and  its  tributaries. 
The  countiT  traversed  by  it  is  an  elevated  plateau,  vaiying 
in  height  from  five  thousand  to  eight  thousand  feet  above 
the  sea ;  from  this  table-land  a  wall  of  mountains  rises  on 
either  side,  the  Sierra  Nevada  on  the  west,  and  the  Bocky 
Mountains  on  the  east.     The  two  bounding  ranges  run 
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toother  both  on  the  north  and  south,  and  in  thU  way  the 
tract  becomes  hemmed  in  on  all  eides  by  lofty  mountaine, 
and  a  great  basin  is  formed.  The  western  barrier  is 
breached  by  three  great  openings,  through  which  the 
drainage  is  discharge  by  three  great  rivers,  of  which  the 
Colorado  is  one.  The  district  is  ail  but  rainlesa ;  and,  as 
all  the  water  that  is  brought  into  it  by  the  rivers  tlow^ 
along  the  bottom  of  profound  oaiions,  the  surface  is  dry 
and  parched,  and  in  great  part  desert  land.  Uut  this  was 
not  always  the  character  of  the  region.  The  system  of 
canons  shows  that  it  was  once  travoTsed  by  a  network  of 
streams,  which  flowed  on  the  surface,  and  there  are  other 
reasons  for  believing  that  it  was  formerly  well  watered  and 
fertile.  It  is  not  unHkcly  that  originally  the  basin  was 
occupied  by  a  lake,  or  lakes,  the  waters  of  which  were 
dammed  back  by  the  western  mountain  bajrier,  and  whose 
overflow  escaped  through  shallow  depressions  at  the  same 
ai)ots  where  that  range  b  now  cut  through  by  the  openings 
already  mentioned.  At  that  time  most  likely  the  country 
stood  much  lower  than  now;  but  after  awhile  elevation  set 
in,  and,  as  the  land  rose,  the  notches  in  the  mountain  range. 
through  which  the  water  ran  out,  were  worn  deeper  and 
deeper,  and  the  level  of  the  lakes  lowered,  till  the  t>asin  was 
ut  last  laid  dry.  Thus  was  formed  a  tract  of  land,  the  drain- 
age of  which  passed  out  through  the  gorges  which  had  in 
tlieir  infancy  given  exit  to  the  water  of  the  lakes.  Elevation 
still  went  on,  and  in  consequence  the  gorges,  and  the  river 
channels  that  emptied  tlirongh  them,  were  i;ontinually  being 
i-ut  deeper  and  deeper,  till  their  present  enormous  depth  w  as 
attained.  One  thing  more  was  wanted  to  give  the  country 
itM  present  peculiar  character ;  rn.m  would  inevitably  wash 
in  the  sides  of  the  chasms  and  cunveri;  them  from  oauons 
into  broad  valleys,  lliis  result  was  prevented  by  a  decrease 
in  the  rainfall,  which  may  have  been  brought  about  thus. 
Before  the  region  reached  its  present  height,  though  it  was 
surrounded  by  a  belt  of  hills,  these  were  of  too  moderate 


but  when  the  encircling  hills  became  converted  into  lofty 
mountains,  the  wind,  from  whatever  quarter  it  blew,  was 
robbed  by  them  of  all  its  moisture  before  it  reached  the 
central  plateau,  and  the  latter  became  in  consequence  a 
rainless  area.  The  gradual  elevation  of  the  land,  tlien,  had 
a  twofold  result :  the  rivers  were  enabled  to  go  on  deepen- 
ing their  channels,  and  rain  was  kept  away.     The  oafiuna 
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ow«  th«ir  fonnati<m  to  the  first  of  these  reHulta,  and  thdr 
preBerratJon  to  the  second.* 

Otli«K  flnbaoxiftl  DMiiuliiig  Torots. — ^The  whole  annjr 
of  subaerial  denuding  agents  assist  in  the  work  of  widening 
the  trencb-like  excavations  to  which  riveiv  give  rise,  and  in 
destroying  in  oountless  ways  the  unifoimily  of  the  plain  of 
laorine  denudation. 

A  description  of  the  mode  of  action  of  each  has  been 
given  in  Chapter  III.,  from  which  the  reader  will  be  able 
to  gattier  how  each  contiibutee  ite  share  to  the  genual 
result.  The  peculiar  surface  features  due  to  moving  sheets 
of  ice  will  be  treated  of  in  a  separate  section. 

IiuidslipB. — Among  the  many  ways  in  which  subaerial 
denuding  forces  bring  about  the  widening  of  valleys,  oneof 
the  most  important  is  by  the  formation  of  landslips. 

When  the  top  of  a  hill  or  the  summit  of  a  steep  ridge  is 
capped  by  hard,  massive,  heavy  rock,  beneath  which  lie 
softer  and  more  yielding  beds,  the  weight  of  the  rock  atop 
tends  to  crush  down  and  drive  outwards  along  the  hill-faoe 
the  soft  strata  below.  In  this  way  portions  of  the  capping 
are  deprived  of  supiwri.,  break  off,  and  slide  f  or  topple 
over  down  the  slope.  Very  frequently  this  goes  on  till  the 
whole  hillside  from  top  to  bottom  is  strewn  with  slipped 
masses  piled  one  on  the  top  of  another  in  wild  confusion. 
In  every  case  where  the  above  conditions  are  present,  there 
will  bo  a  tendency  to  the  formation  of  landslips,  and  sundiy 
other  circumstances  will  increase  this  tendency  and  render 
their  formation  the  more  easy.  Firstly,  the  breaking  off 
of  the  upper  rock  will  take  place  the  more  readily,  if  it  be 
traversed  by  lai^  open  joints.  Again,  if  the  dip  of  the 
beds  be  from  the  hillside  into  the  vHlioy,  that  is  towards  the 
side  on  which  there  is  no  support,  the  surfaces  of  the  beds 
form  inclined  planes,  down  wJuch  detached  portions  of  rock 
tend  to  slide ;  on  the  other  hand,  if  the  dip  be  into  the  hill, 
there  will  be  no  tendency  to  slide,  and  landslips  can  be 
formed  only  by  the  crushing  out  of  soft  underlying  strata. 
Further,  if  the  cap  be  an  open  porous  rock,  and  the  beds 

•  Foi  detsila  about  tb»  eitia-  Sun     Picturea     of     the    Rocky 

ordiimry  region,  see  tke  Report  UuoataiDS,  chap.  vii. 
of  the  EipWing  Expedition  of         t  It  is  perfaapa  hardly  comet 

the  American  Oove[Tuneut(Wuh-  to  lue  Ihu  «oni,  for  there  would 

ingtun,  1S61).    There  ia  a  good  be  too  much  Irictioii  to  allow  of 

HhKtract  in.  Naturp,  i.  131,  and  a  pum  aliding.     By  what  oieHOS 

)l''Ksii[itioi!  "t  the  I'latcan  in  Sir  exactly  the  looaeaid  portioni  are 

\V.nt«'(iilli  Dilli.-.  Oi-.iilir  H.i-  enabled  to  mnvo  >e  nut  very  cer- 
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below  iffiperviDiu,  ve  hsve  one  of  the  most  important  aids 
in  tJie  fonnatioii  of  l&ndBlipi.  The  water  whicii  einks  into 
the  upper  bed  deeoeads  till  it  roaches  the  impervious  etratum 
beloT ;  being  there  unable  to  penetrate  lower,  it  rtms  off 
along  the  |Mane  of  junotion,  and  the  moistening  of  the 
upper  Burfaoe  of  the  bottom  stratum  either  moJcee  the 
inclined  floor,  on  which  the  mas*  above  rests,  slippery,  or 
in  some  other  way  renders  motLon  easier  than  it  would  be 
if  the  surface  were  dry. 

The  section  on  Fig.  109  illustrates  an  actual  case  where 
all  the  conditions  tending  to  the  formation  of  landslips  are 
found  together.  The  Irft  bank  of  the  volley  is  crowned 
by  a  thick  bed  of  Sandstone,  which  is  massive  and  heavy, 
traversed  by  large  open  joints,  and  pervious  to  water ; 
beneath  it  are  be£  of  Shale  nearly  impervious,  and  so  much 
softer  than  the  Sandstone  tliat  water  can  easily  reduce 
tliem  to  a  state  of  mud ;  the  dip  also  is  down  into  the  vallpy. 
This  combination  has  produced  the  result  that  might  be 
expected,  and  the  whole  flaolc  is  covered  with  large  land- 
slips.    On  the  opposite  side,  any  tendency  there  may  be  tu 


the  formation  of  landslips  is  counteracted  by  the  dip  of  the 
beds  into  the  hill,  and  Uot  a  single  slip  has  occurred. 

One  or  two  additional  coses  of  well-Known  land8li[>9  may 
be  aoticed  here.     Ilnuimous  slips  ocxmr  round  the  buxalliu 

filateau  of  the  north-east  of  IrelftDd.  The  cu))  of  this  table- 
and  is  a  slieet  of  massive  Basalt,  seven  hundred  or  cig)it 
hundred  feet  in  thickness;  beneath  this  comes  Chalk,  which 
rests  on  Uorl  or  Shale.  These  lower  beds  are  softened  by 
percolating  water,  and  crushed  out  by  the  weight  above. 

Landslips  on  a  large  scale  take  place  on  the  Dorsetshire 
coast.     The  section  of  the  cliffs  is — 
4.  Chalk. 

3.  SandstoDO  with  Chert.     (100  to  150  feet.) 
2.  Loose  incohenmt  Sand,  called  Fox  Uuuld.     (150 

to  200  f.-rt.) 
1.  U?.-i  n^y  (i^iicrvious). 
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The  three  upper  beds  are  perviouB,  but  the  water  is 
stopped  at  the  Lias  Clay.  The  loose  Fox  Mould  is  under 
iio  drcumetaiiceB  veij  ■well  able  to  support  the  weieht  of 
the  beds  above,  and  when  it  beeomea  fufl  of  water  it  is  still 
further  weakened,  and  portione  of  it  washed  out  along  the 
face  of  the  diffB  ;  the  dip  abo  is  seawards.  There  ie  every- 
tliing,  therefore,  favourable  to  the  production  of  landslips, 
and  they  occur  on  an  enormous  soale.* 

The  picturesque  undercliff  of  the  Isle  of  Wig^t  owee  its 
wild  and  ruffled  outlines  to  the  piling  one  upon  another  of 
landslipe,  which  have  from  time  to  time  broken  off  from 
the  cliffs  and  hillsides  above.  The  section  of  the  solid  hill 
face  shows — 

(  3.  Chalk. 

Pervious.      <  2.  Sandstone,  Sand,  and  Sandy  Clay.  (150 
(  feet.) 

Impervious.     1  ■  Gault  Clity. 

The  beds  dip  seawards,  and  the  surface  of  the  Gaolt  Clay- 
is  rendered  so  unctuous  and  slippery  by  the  water  which 
reaches  it  through  the  overlying  strata,  that  sliding  readily 
goes  on.  The  cause  ie  so  obvious  that  the  Qault  goes 
locally  by  the  name  of  the  "  Blue  Slipper." 

The  masses  detached  by  landslips  are  more  or  less 
shattered,  and  hence  fall  a  prey  to  atmospheric  destruction 
more  readily  than  when  they  formed  part  of  a  solid  rock ; 
thus  landslipping  becomes  a  very  efficient  aid  in  widening 
those  valleys  along  whose  flanks  it  goes  on. 

Basin-ahaped  Xia  of  Outliers. — One  more  fact  in  con- 
nection with  landelips  calls  for  notice.  It  will  be  found  to 
be  vety  generally  the  case  that,  where  a  hilltop  is  capped 
by  an  outlier  of  rock,  the  dip  is  on  all  sides  into  the  hill. 
The  reason  of  this  is  that  the  inward  dip  hinders  the 
formation  of  landslips,  and  so  contributes  to  the  preserva- 
tion of  the  outher.  An  outlier,  whose  beds  dipped  from 
the  centre  outwards,  would,  if  other  conditions  were  favour- 
able, shed  off  landslips  all  round,  and  would  thus  be  soon 
carried  away  altogether.  The  above  rule  is  so  very  general, 
that  the  mere  occurrence  of  an  outlier  on  a  biUtop  affords 
strong  presumptive  evidence  that  the  beds  of  tlie  hill  lie  in 
a  basin.f 

■  See  a  detailed  neroant  of  a  t  Bnakiii,    Modem    Fainteri, 

very  large  Blip  at  Armouth,  by      vol.  iv.  ohapi.  xiii.,  xiv. ;  Topley, 
Mfvurs.  Conybearo  and  Buckland       Geol.  Mag.,  iu.  438. 

(ilun'B)',  1S40),  and  I.yeil'i  Prin- 
ciplea,  laih  i.  ed.,  oi6. 
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MepR  in  tli*  Formatiiaa  of  th*  SnrihM. — Havmg 
now  Boized  on  the  principal  result  of  the  action  of  different 
denuding  agents,  let  us  try  if  we  can  picture  to  ooiBolTes 
the  steps  by  which  a  nmos  of  rook  formed  beneath  the  sea 
is  oonyerted  into  a  land  surface  -  diversified  bj  hill  and 
valley.  First  came  the  upheaval,  and  this  we  have  seen 
was  effected  by  a  bending  of  the  originally  horizontal  strata 
into  a  series  of  arches  and  troughs,  the  former  of  which 
gave  rise  on  emei^enoe  to  tracts  of  dry  land.  But  the 
result  was  not  accomplished  without  a  struggle ;  whenever 
one  of  these  broad-Mcked  masses  reached  the  surface  of 
the  water,  it  came  within  the  range  of  marine  denudation. 
The  waves  attacked  it  and  pared  it  away,,  and,  as  it 
was  slowly  lifted  up,  slice  after  slice  was  planed  off  the 
top.  Thus  a  ooostant  battle  went  on  between  the  two 
opposing  forces,  the  one  striving  to  raise  the  submerged 
mass  beyond  the  reach  of  the  waves,  the  other  wearing  it 
away  down  to  the  sea-level  as  fast  as  it  got  its  head  above 
water.    But  at  length  the  up-arching  movement  gained  the 


masteiy,  and  a  tract  of  dir  land  was  eetabliahed.  Since 
this  land  had  been  farmed  by  the  planing  away,  one  after 
the  other,  of  horizontal  slices  from  the  back  of  the  arch,  its 
surface  must  have  been  nearly  level ;  but  since  it  owed  its 
existence  to  a  bending  up  of  the  beds,  it  would  probably 
be  slightly  highOT  is  we  middle  than  at  the  ntarguui ;  and 
the  slope  either  way  would  be  in  the  same  direction  as  the 
dip  of  the  beds. 

Menet  tJu  mtrfaet  of  Hu  netB-hom  land  would  tKmtitt  of  tieo  tn- 
elinedpUmtt,vt*eting(iiongth«t)rutoftheareh,andihpiMglhme« 
gently  dote»  to  tit  »ea-lw«l;  and  tin  inclination  of  tkt  turfaee 
on  nlher  *id*  WMUd  ht  in  tht  tanu  UrtetUmai  the  dip  of  tht  htdt. 

This  was  the  first  step  of  llie  process,  and,  when  it  was 
completed,  a  sedicm  across  the  oountiy  would  be  such  as  Is 
shown  in  Fig.  1 10. 

The  tract  of  dry  land  thus  established  is  placed  beyond 
the  reach  of  the  sea,  only  to  be  subjected  to  the  action  of 
aubaerial  deandation,  and  we  must  next  inquire  how  it 


ibyGoogIc         — 


itreiuiiBOTerit,  Euid«eiaiDgrOiiaii(^ little  inequHlitiBBbegoinM 
collected  into  Qhawtek.  Since  tbaae  ohajmelfi  must  follow 
the  slopes,  and  the  ground^lopaeeithOT  way  with  the  dip  of 
the  beUB,  it  is  easy  to  aee  that  the  eftriiept  w»terooitnee  will 
run  in  the  same  ^reotioti  its  tihe  general  dip  of  the  ootuttiy. 
Uoreover,  because  these  dhannalB  are  fonoed  b^  iriTer 
Mtion,  they  will  tend  to  be  trenohlike  in  diape. 


N  B  — Hks  landi  nptntntliitf  tb*  dlffBtmt  ibitt  !■  tbt  Mdu  of  111*  totiudi  tn 
»  nolenttr  fcndnteiiMl  Mfc  Bin  th*  Uh  U«  Itw  bMi  Ni  nrtlMl.  Ik* 
mder  mwt  plMM  bau  In  iniod^liBt  tlw  btdt  art  (tipwtg  tt  ■  lUKVsnU  wCta 
fiODl  A  lowardi  B. 

Tlu  KMHd  »iep  tMtt  MHtutt  in  tke  fonu^im  of  »  tritt  oj 
trmuh-Uie  rtV«*  ekmtntls  numinf  m  iA#  dirtetton  of  tAt  4*p. 

The  TalleyB  thus  formed  cut  (kitom  tlko  outampc  OT  the 
beds,  and  are  henoe  called  Ji-muvtrtt  Vaiigyt. 

Fig.  Ill  is  a  birdVeye  view  of  a  counb;,  blowing  in  a 
diafframioatic  form  one  of  tbeee  treooh-liks  Tatiegv  (4  B\ 
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catting  across  the  strike  of  the  bads,  which  oome  to  the 
surface  along  the  lines  ed,  CD,  ef,  EF,  and  dip  towards 
the  spectator. 

But  these  fiist-fonned  valleyB  cannot  long  keep  their 
trencli-Uke  shape.  AtmoBpherio  action,  we  have  seen, 
graduallj  broadens  them,  and  it  has  been  f  uTtfaer  pointed 
out  that  the  process  goes  on  much  faster  in  some  rocks 
than  in  others,  so  that  along  the  outorop  of  certain  beds 
the  vallej  is  widened  at  a  more  r^d  rate  than  along 
that  of  Othera.  Hence  arises  that  alternation  of  broad 
vallej  and  strait  gorge  which  is  so  oonstukt  a  feature  in 
valley  contour ;  and  mim  a  continuation  of  the  same  pro- 
cess still  more  important  modifications  resnlt,  whioh  we 
now  proceed  to  notice. 

In  Fig.  Ill,  suppose  Hiat  A  B  represents  a  transrerse 
trench,  and  that,  among  tiie  beds  whudi  it  outs  across,  e  d 
and  ef  are  more  easily  denuded  than  CD  and  £F;  the 
widening  of  the  trench  will  ^  on  faater  in  the  first  p«ur 
than  in  the  second;  where  it  crosses  C J)  and  S F ibe 
steepness  of  its  sides  will  be  deetnn'ed  very  dowly,  bot 
where  its  walls  are  formed  of  c  if  and  ef,  its  eiigee  wUl  be 
more  rapidly  worn  back,  and  little  reoeeses  will  be  formed 
in  the  face  of  the  trench.  The  continual  washing  in  of  the 
soft  strata  will  deepen  and  extend  these  recesses,  and  ther 
will  creep  step  by  step  outwards  along  the  outcrop  of  buw 
liwds,  assuming  in  snooession  poeitiona  such  as  those  marked 
'by  the  dotted  Unes  1,  2,  3,  4. 

A  very  little  reflection  wiQ  show  tliat  this  becomes  in  the 
■end  equivalent  to  the  formation  of  two  l«aneh  valleys  run- 
ning uoDg  the oufaa^  ot  the  stratum  a/,  t^estrcama  drain- 
ii^whidi  become  feeders  of  the  original  transverse  river. 

Here,  then,  we  have  arrived  at  t^e  third  st^  in  tlte 
process  of  valley  excavation.  £  eontistl  in  the  formation  ff 
vaUeifi  h-anehing  out  of  the  firtt-fonui  traiuctrte  vallty*,  ^nd 
running  »lenf  ^^  outcrop  of  the  more  eaiily  denuded  iede. 

The  valleys  thus  formed,  because  tbey/ottw  the  stiike, 
are  dietingiusbed  as  Longiiudinal  Fallows. 

We  have  for  distinctness'  sake  ^poken  of  tbe  t^ireasteps, 
the  Formation  of  the  Plain  of  Marine  Denudati<te,  uie 
Excavation  of  Transverse  Valleys,  and  the  Weaiing  baok 
(rf  Longitudinal  Tsfleys,  as  havii^  taken  place  one  after 
the  other.  In  reality  the  last  two,  and  to  some  extent  all 
three,  go  on  together.  The  result,  however,  will  be  evi- 
dently  the  same  as  if  eaoh  st^  had  been  finished  heiota 
the  next  was  begun. 
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TaJlays  drtormmsd  bj  Jointa, — If  tihere  be  no  great 
inequality  in  the  rate  at  Thich  the  different  rocka  yidd  to 
denudation,  tributary  Talleys  will  Btill  be  formed,  but  their 
position  and  direction  will  be  determined  by  some  other 
circumetancea.  For  instance,  if  the  rocka  ate  well  jointed, 
master  joints  will  be  lines  of  weakness,  well  calculated  to 
be  widened  by  atmoepheric  eroeion,  so  as  to  give  a  Btart 
to  a  line  of  v^ey. 

TaLUjra  detanninsd  by  FaKlta. — Faults,  too,  in  a 
aimilar  way  sometimes  determine  the  lines  of  Ta)leya. 
Where  hard  and  soft  rocks  ore  brought  side  by  side  by  a 
fault,  the  latter  are  worn  away  more  largely  than  the 
former,  and  a  valley  results.  Such  valleys,  like  the  faults 
which  give  rise  to  them,  usually  run  approximately  in 
fitraig'bt  lines.  It  must  be  carefully  noted  that  in  such 
cases  faults  may  be  said  to  produce  valleys  only  in  so  far 
as  they  give  rise  to  conditions  which  cause  denudation  to 
act  unequally :  they  are  only  the  indirect  ori^ators.  No 
case  is  known  where  the  fissure  of  a  fault  is  a  gaping 
chasm,  such  as  would  form  a  valley  without  the  aid  of 
denudation. 

^■.Hfl««.«!iMiff — The  somewhat  hard  and  rigid  classifi' 
cation  of  valleys  which  has  been  just  given,  and  the 
explanation  wl^ch  has  been  attempted  of  the  way  in 
which  each  kind  arose,  ia  of  course  true  only  in  a  veir 
general  way.  It  is  a  broad  and,  so  to  speak,  diagnunmatio 
description,  in  which  the  main  characteristics  only  are 
retained,  while  many  minor  details  and  divergences  from 
the  ffeueral  scheme  are  left  out.  Thus,  there  are  vaUeya 
wbi(3i  are  neither  transverse  nor  lon^tudinal,  but  have 
had  their  directions  determined  by  causes,  two  of  which 
have  been  just  mentioned,  other  than,  the  lie  of  the  beds. 
Other  valleys  a«iin  partake  of  the  character  of  both  kinds, 
running  paraUel  to  the  strike  for  parts  of  their  course  and 
crossing  it  in  other  parts.  Such  valleys  can  frequently  be 
shown  to  have  arisen  in  a  manner  which  Fig.  113  will 
explain.  The  fine  parallel  lines  represent  the  outcrops  of 
the  different  rocks,  and  A  B  C  ie  a  stream,  which  from  ji 
to  £  is  longitudinal,  but  at  the  latter  part  turns  suddenly 
and  assumes  the  character  of  a  transverse  river.  In  such  a 
case  we  usually  find  an  upward  continuation,  £  H,  of  the 
valley,  S  C.  This  ia  now  so  small  in  comparison  with  B  A, 
that  it  is  looked  upon  as  a  tributary ;  but  it  is  likely  that 
the  valley  system  at  first  consisted  of  a  transverse  gorge 
only,  of  which  B  B  formed  the  upper  and  5  C  the  lower 


)  by  Google 


VALLEYS.  425 

part,  and  &at  B  A  waa  originally  a  longitadinal  tributoir 
Bubaequpntly  formed.  The  growth,  of  the  portions  A  B, 
li  C,  has  howerei  been  more  rapid  than  that  of  B  J),  and 
hence  the  lettei  has  become  insignifioant  aad  sunk  to  the 
rank  of  a  tributary,  and  the  original  feeder,  B  A,  has,  on 
account  of  its  faster  growth,  reached  a  size  which  causes 
it  to  be  regarded  as  a  part  of  the  main  stream.* 

Exoeptio&B  to  OUT  scheme,  such  as  these,  doubtless  occur; 
but  if  Uie;  are  allowed  for,  it  will  be  found  to  be  in  the 
Tn"'"  a  true  and  useful  classification. 

We  must  indeed  bear  in  mind  that  in  eaoh  individoal 
case  peculiar  conditions  give  rise  to  peculiar  modifications 
of  the  broad  character  of  both  valley  syatema.    And  Then 


Fig.  112. — Plaii  oi  a  EiTia  Tam-st,  PAan,«  LonaiTCOrau 

AKV   PAKTLT   TaANtTSUB. 

the  geological  structure  is  reiy  complicated  and  has  been 
produced  oy  a  long  saocessiou  of  upheavals  and  denuda- 
tions, it  may  be  dif&cult,  perhajis  impossible,  fuUy  to  see 
one's  way  through  the  long  chain  of  events  that  have  had 
a  share  in  the  production  of  the  surface ;  but  in  very  many 
cases  the  description  just  given  will  be  found  to  apply 
fairly  well  to  the  present  arrangement  of  bill  and  valley, 
and  traces  of  the  tbree  different  processes  that  have  bera 
mentioned  as  contributing  to  its  formation  may  still  be 
detected  with  more  or  less  of  certainty. 

Plaal  Sasnlta  of  SabMorlal  Deandatioii. — ^Now  tliat 
we  have  farmed  a  notion  of  the  way  in  which  hills  and 

*  This  BiplnDBtioD  «•■  gi 
by  the  bite  Mr.  Juket  to  acco 
for  the  erratio  behsnaui  of  a 
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valine  come  into  extetenoe,  ve  may  cany  om  inquiries 
a  Btep  further,  and  ask  irhat  ie  the  result  of  the  action  of 
gubaerial  denudation  'oa  ithe  f  eaturee  which  it  oreatee. 

Afi  long  as  riven  have  eufficient  fall,  th^  continue  to 
out  down  their  channels ;  and  though  the  hilltope  and 
plateaus  are  at  the  same  time  beinff  gradually  lovered, 
yet  the  firvtprooees.goes  on  ao  much  faster  than  the  second 
that  the  inequalitioB  of  the  surface  continne  for  a  long 
time  to  be  not  only  .prsaerved  but  eren  inoreaeed.  But  If 
there  be  no  unequal  elevation  of  the  land,  there  will  oome 
at  last  a  time  when  the  oontinned  lowering  of  the  beds  of 
rivers  'has  so  far  decreased  their  fall  that  thc^  are  no 
longer  alile  to  deepen  Idieir  valleys ;  and  when  this  has 
come  about,  each  nver  will  meander  from  source  to  mouth 
over  a  flat  raised  but  little  above  the  sea^vel.  Atmo- 
spheric wear,  however,  will  still  continue  to  act  on  the 
surroundiag  hills  and  sweep  the  waste  of  them  into  the 
rivers,  whi^  hear  it  away,  and  so  in  time  they  too  will  be 
cleared  off.  Thus  the  final  result  of  atmospheric  denuda- 
tion is  to  destroy  the  features  which  itself  gave  rise  to,  and 
the  end  of  its  action  is  to  plane  everything  down  to  a  uni- 
forroleveL  Itmaybethat  some  of  thelevcJaurfacea,  which 
seem  to  have  preceded  the  present  arrangement  of  hill  and 
valley,  have  arisen  from  'tiie  kmg-oontiniied  action  of  sub- 
aerial  wear,  and  not  from  marine  denudatioa. 

The  considerations  just  stated  show  that,  in  the  case  of 
an  unconformity,  the  denuded  surface  of  the  lower  group 
may  have  been  produoed  in  three  different  ways.  Benu- 
dation  may  have  been  nrested,  hy  ihe  rocks  being  again 
submerged,  aa  soon  as  the  fonnation  of  a  plain  oi  marine 
denudation  was  complete.  Or  submergence  mtnr  have 
been  deferred  fill  saDaerial  wear  had  cut  out  bills  and 
valleys.  Xh,  lastly,  the  older  rocks  may  have  remained 
above  water  long  enough  to  allow  them  to  he  worn  down 
by  long-oontinu^  subaerial  wasting  to  a  Sat  surface.  In 
the  firet  and  last  cases  the  floor  on  which  the  newer  rocks 
rest  wQl  be  fairly  level ;  in  the  second  it  will  he  striking^ 
uneven,  and  the  upper  group  will  fill  up  its  d^ressions 
and  level  over  its  inequalities. 

AuoaalouM  Bahavioar  of  Siv«rs  e^laiuML — The 
theory  of  the  formation  of  vaUoys  just  given  enables  us  to 
account  for  some  veiy  puzzling  points  in  the  behaviour  of 
riven,  whic^  may  be  «(Uivenientiy  stated  aad  explained 

The  anomaly  to  be  got  over  is  this.    We  frequently  find 
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ft  oountry  kiweKed  hj  ft  number  of  hill  Tssgee  >unning 
paiallel  to  eacli  otliar.andB^aiated  tcf  bzoad  vallajB.  In 
euoh  &  case  we  mjght  <expoot  to  find  the  principal  atreaioe 
Timaui^  alaag  the  vallejiB  between  each  two  coDBecutive 
xidgee.  Just  the  very  ccntiary,  faowerer,  is  the  case; 
the  main  xvreaa  cut  in  a  moat  marlced  wa^  across  ridge 
after  ridge,  tnwOTung  each  in  a  nartow  gor^-lihe  vallej, 
and  the  watezs  that  drain  through  the  vaJIe^  between 
the  rid^ee  empty  into  these  tnuk  streama.  To  use  a 
.oommon  expression,  the  .groat  rivers  xun  acxosa  the 
"grain"  of  the  ooonlz?,  and  the  atreame  that  &om  vith 
the  "grain"  aM  only  tributaries;  in  other  words,  the 
principal  drainage  is  "itrauBraree,"  the  tributary  stoeama 
^re  "longitudinal."  "We  need  not  go  far  from  home  to 
find  inatancea.  Two  sudh  ridges  oroes  in  almost  vmlvoken 
lines  the  south-east  of  Eoglaad  :  one,  formed  of  a  ,gToi^ 
of  hard  LimestABee,  -distinguished  :as  the  Oolitic  formation, 
extends  from  &louoeBtei!Uure  to  liinoolnsihire ;  another, 
oom^osed  of  Ohalk,  stretches  from  Denatshire  to  the  «oast 
of  Jliozfolk.  A.  broad  plain  eppeads  out  to  the  north-vest 
<£  the  Oolitic  xange,  aii4  another  great  Sat  lies  between 
the  two  ridgee.  Eac^  o£  tlieee  ridges,  too,  joreeentB  a  steep 
iaoe  to  the  north-Test,  and  falls  anaj  with  a  loKg  gentle 
alogiiO  m  the  opposite  diseotion.  Nothing  would  seem 
atoM  natunal  than  that  the  two  hill  ranges  ebonitd  act  as 
watersheds — Ihat  Hm  brooks  B^xeasaklg  down  ttie  south- 
ettsterly  siLoM  of  the  Oolite  can^,  for  inataaoe,  should  be 
-cSRied  off  <>y  a  riv«r  rumusg  at  the  foot  of  the  Cha^ 
eeoaifuneal.  Kothing  .of  "the  soil  oocon ;  a  large  portion 
of  the  Tnnin  ttminiUff'^  is  csjried  oS  \iy  rivers  which  run 
diT>eatl;  aoT«UB  cue  or  hotli  of  these  ranges.  Thus  the 
'Withain,  tiie  W«Qan4,  the  Jieu,  and  the  Qreat  Ouae  all 
rise  on  tiie  plain  to  Ihe  west  of  the  Oolite  range,  and  each 
ia  auoeaasion  euti  acnoas  this  ridge  and  disohazges  into  the 
AVash.  The  most  marhed  in^ance  of  a  transveree  stream, 
however,  is  furnished  by  the  riv^  which  is  oallad  the 
Churw«ll  above  Oxford,  and  itbe  Thames  briow  that  dtj'. 
It  springs  in  the  plsis  to  the  noritk-west  of  the  Oohtic 
escarpmeBt,  oate  through  that  eeoarpment,  coutinuec  its 
course  over  the  fiat  between  the  Oolitic  and  Chalk  ranges, 
and  then  breaches  the  latt«',  euttius;  across  it  in  a  direction 
almost  at  right  angles  to  its  genenil trend.     A  word  of  es- 

Slauation  as  to  the  case  is  perhaps  required.     If  we  adopt 
le  usual  nomanclature  of  geography,  we  should  say  that 
tike  Thames  risea  in  the  Cotsir(da  Eilla,  flowa  in  a  longi- 
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tudinal  east  and  irest  valley  to  Oxford,  then  turns  Bnddeiil; 
to  the  south  and  cuts  tnuwrerealy  across  the  Ghelb  range. 
The  esplauation,  however,  of  cases  like  this,  illustrated  by 
Fig.  112,  will  ajiply  here.  The  trajjsrerse  gorge  of  the 
Thames  helow  Oxford  is  so  clearly  a  continuation  of  the 
valley  of  the  Churwell,  that  we  must  look  upon  the  two  as 
constituting  together  the  original  transverse  trench  with 
which  the  arainage  system  began;  and  the  portion  of  the 
Thames  valley  above  Oxford  is  as  clearly  a  longitudinal 
feeder  excavated  subsequently  in  the  manner  already  de- 
scribed. As  one  more  instance,  we  may  mention  the  Stour, 
which  rises  on  the  low  ground  to  the  north'Weet  of  the 
Chalk  range,  and  cuts  directly  across  that  rid^  to  enter 
the  sea  in  Poole  Hariwur. 

Another  very  striking  instance  is  furnished  by  the  Weald 
of  Kent  and  Sussex.  This  is  an  area  surrounded  on  the 
north,  weet,  and  south  by  a  lofty  range  of  Chalk  lulls,  with 
their  steep  sides  facing  inwarda.  Starting  at  Folkestone, 
we  trace  ttiia  girdling  ridge  along  the  North  Downs  to 
beyond  Ouildford ;  it  thm  bends  south,  and,  afterwards 
turning  eaat,  runs  along  the  line  of  the  South  Downs 
to  Beachy  Head.  Between  the  last  point  and  Folkestone 
the  Qoart  is  low  and  flat,  and  there  is  no  barrier  separating 
the  interior  from  the  sea.  In  a  district  hemmed  in  in  thie 
way  on  three  aides,  and  open  to  the  sea  on  the  fourth,  we 
might  expect  to  find  the  arainage  passing  away  in  the  last 
direction  aad  escaping  by  what  seems  its  natural  outlet. 
But  just  the  reverse  is  the  case.  The  streams  that  enter 
the  sea  between  Beachy  Head  and  Folkestone  are  few, 
short,  and  insignificant ;  the  principal  rivers  rise  in  a 
central  dome  of  high  ground  and  now  north  or  south, 
escaping  through  narrow  valleys  that  breach  the  barriers 
of  the  North  and  South  Downs.  Here,  again,  the  trunk 
streams  are  "transverse,"  the  feeders  "longitudinal." 
Among  the  streams  that  in  this  way  breach  the  North 
Downs  are  the  Medway,  the  Hole,  and  the  'Wey;  the 
Arun,  the  Adur,  and  the  Ouse  in  the  same  way  set  at 
naught  the  barrier  of  the  South  Downs. 

The  Isle  of  Wight  again  furnishes  other  remarkable 
illuBtrations  of  the  disregard  of  rivers  to  the  present  con- 
tour of  the  ground.  It  is  traversed  from  east  to  west  by 
a  strongly  defined  ridge  of  high  ground  formed  of  Chalk, 
the  oountiy  both  to  ue  norto.  and  south  being  sensibly 
lower  than  the  ridge.  But  the  ridge  is  not,  as  might 
be  expected,   the   watershed  of    the  island;   by  far  the 
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larger  portion  of  the  drainage  is  carried  off  by  three  mera 
— the  BradinK'  Brook,  the  Medina  Hiver,  and  the  Yar.  All 
of  theee,  iiotabl7  the  last,  take  their  riee  near  the  southern 
coast,  flo^  steadily  northwards,  pass  through  gaps  in  the 
Chalk  lange,  and  enter  the  sea  on  the  north  side  of  the 
island.  £kstances  might  be  multiplied  without  limit. 
Wherever  we  study  the  relation  of  river  valleys  to  the 
present  physical  geography  of  the  country  they  traverse, 
we  find  them,  big  and  httle  alike,  playing  the  same  trick,  '■ 
and  forcing  their  way  through  hill  ranges  every  way  calcu- 
lated at  first  sight  to  bar  their  progreaa. 

The  view  in  Fig.  107  will  give  an  idea  of  the  way  in 
which  a  range  of  hills  is  breadied  by  a  river  valley.  The 
stream  is  flowing  from  tht  tpeclalor ;  it  meanders  over  a 
broad  ondulating  country  till  it  reaches  the  Hue  of  bold 
hilla  in  the  distance,  which  rise  like  a  wall  from  the  flatter 
nound  in  front ;  and  then,  instead  of  being  turned  aside 
by  this  barrier,  it  cats  across  it,  running  on  in  a  narrow 
gorge. 

Such  are  the  facts  which  we  have  to  explain,  and  the 
explanation  resolves  itself  into  finding  out  how  the  gorges 
which  conduct  rivers  through  hill  ranges  were  formed. 

The  rough-and-ready  way  out  of  the  difficulty,  generally 
accepted  in  the  early  days  of  Geology,  was  that  they  had 
been  torn  open  by  convulsions.  In  no  instance  could  this 
be  proved  to  have  been  the  case,  and  in  most  this  explana- 
tion could  be  shown  to  be  directly  in  the  teeth  of  the  facte. 
The  strata  on  opposite  sides  of  the  gap  exhibit  no  signs 
of  violent  disturbance,  and  the  river  may  be  in  many  cases 
observed  to  flow  over  a  bed  of  solid,  unruptured  rock. 

Indeed,  one  explanation  alone  is  admissible :  the  gap, 
like  other  valleys,  has  been  cut  out  by  a  river  flowing 
through  it. 

If  diis  be  granted,  it  is  perfectly  clear  that  the  river 
must  have  begun  to  run  when  the  surface  configuration  of 
the  country  was  altogether  different  from  what  it  is  now. 
For,  suppose  we  endeavour  to  take  water  in  an  open  con- 
duit acroes  the  countiy  shown  in  Fig.  107,  from  a  reservoir 
iu  the  foreground,  on  reaching  the  distant  ridge  the  con- 
duit would  have  to  take  a  turn  and  be  carried  along  itn 
foot.  A  river  is  only  an  open  conduit,  and  hence  any  river 
tliat  began  to  run  when  the  surface  is  such  as  it  is  now, 
must  turn  aside  on  reaching  the  ridge  in  the  same  way. 

But  the  explanation  will  be  pei^ectly  easy  if  we  sup- 
pose the  birth  of  the  river  dates  from  a  time  when  ^e 
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present  inequnlitiee  of  the  ground  had  not  jret  oome  istD' 
flxistenoe. 

II  the  reader  will  recall  the  account  given  a  little  way 
back  of  the  growth  of  hilla  and  valleyB,  he  will  recollect 
tliat  tliere  was  a  time  when  the  surface  of  the  countr;  was' 
a  plain  ae  high,  or  eomewhat  higher,  than  the  top  of  the 
ridee.  It  was  then  that  the  river  began  to  flow,  ontting, 
as  has  been  pointed  out,  a  trench  acn»B  the  plain.  In  the 
meanwhile  atmospheric  denudation  was  at  work,  wearing 
down  the  country  on  either  side,  the  stream  oanying  away- 
the  waste  as  fast  as  it  was  washed  in. 

Bat  it  must  be  borne  in  mind  that,  though  ibedeepening 
of  the  channel  could  not  go  ou  faster  in  the  soft  tiian  in 
the  hard  rocks,  the  country  at'  large  was  worn  away  muoh- 
more  rapidly  in  the  first  than  in  tiie  second.  When 
flie  river  ran  ovet  a  tract  of  oasily  denuded'  roeksj  ^e 
general  level  of  the  surface  ou  ^ther  side  was  lowwed' 
nearly  aa  fast  as  the  river  channel  was  deepened,  and  the 
result  was  a  stream  flowing  through  a  broad  fiat  raised' 
only  slightly  above  its  banks.  But  where  a  belt  of  less 
destructible  106k  was  crossed,  the  general  degradation  of' 
the  surface  went  on  much  more  slowly,  and  from  this  two 
results  followed.  First,  the  sides  of  me  channel  were  but 
slightly  modified,  bo  that  tho'vaUey  retained  to  some  degree 
the  trenchlike  form  with  which  it  started,  and  remained  a 
goi^  or  narrow  glen.  Secondly,  in  virtue  of  their  superior 
power  of  holding  out  against  denudation,  these  rocks  re- 
mained standine  up  in  a  band  of  lofty  ground  above  the 
flat  formed  by  the  removal  of  softer  strata. 

In  this  way,  by  the  gradual  deepening  of  the  channel  of 
^e  stream,  and  the  unequal  lowering  at  the  same  time  of 
the  Buriace  along  different  parts  of  its  oourse,  the  broad 
flat,  the  hill  range,  and  the  gorge  wore  produced  by  a  con- 
nected and  mutually  dependent  set  of  operations. 

SUtory  of  ths  Zd«n  of  Snbanial  I>«nndatioti. — The 
theory  that  all  the  lesser  inequalities  of  the  earth's  surface 
are  due  to  euboerial  denudation  is  now  very  generally 
adopted  in  this  country,  and  is  gaining  ground  among  con- 
tinental geologists.  But  though  this  view  is  by  no  means 
new,  it  is  only  of  late  years  tliat  it  has  met  with  anything 
like  general  approbation.  Men  for  long  refused  to  believe 
that  results  apparently  so  great  cotild  follow  from  causes 
sponiin^ly  so  lURignifiuint,  let  them  act  as  long  as  you  will ; 
or  rather,  they  preferred  to  save  thtsuselves  the  trouble  of 
investigating  tlie  unlurc  !i:(d  cnnnbilitips  of  the^e  forrp*  hv 
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attributasg  Hie  tanaaUfmol  TallBy»  to  causes  tlie  existencd 
of  which  was  puredy  imaginary,  or  to  agents  whioH  a  little 
iaquiry  would  have-  ehown  were  totally  inadequate  to  the 
taaV.  The  earlier  speeulatore  eupposed  vaUeys  to  be  rent« 
and  fiflsureB  torn  open  by  oonvulBione,  the  like  of  which 
had  neret^come  witluu  man's  experience ;  and,  in  spite  of  its 
manifest  contradiotion  to  obaerved  facte,  the  notion  for  a 
long  time  held,  and  in  some  quarteiH  still  holds,  its  ground. 
Mountain  chains  were  imagined  to  hare  risen  with  a  bound 
from  the  sea-bed,  and  thrown  ofi  gigantic  waves,  which 
plou^ed  deep  into  the  ground  and  scattered  it«  debris  far 
and  wide  as  ucy  rushed  madly  over  the  oountiT.  A  step 
was  gained  when  these  wild  dreams  w^re  abandoned,  and 
it  was  realised  that  the  inequalities  of  the  surfaoo  had  been 
carved  out  by  denudation.  But  eren  then  only  one-half  of 
the  truth  was  seen,  for  geologists  for  a  long  tune  persisted 
in  attributing  the  whole  of  t£e  "work  to  the  sea.  A  veiy 
slight  amount  of  observation  would  have  taught  that 
marine  denudation  tends  to  eSace  rather  than  produce 
surface  inequalities ;  but  the  supporters  of  this  view  were 
quite  content  with  a  vague  idea  tnat  the  sea  had  done  it, 
and  did  not  trouble  themselves  to  explain  exactly  how. 
Thus  a  host  of  vain  imaginings  was  for  a  long  time  preferred 
to  the  simple  explanation  to  which  a  study  of  nature  leads 
lis.  The  whole  truth  was  first  thoroughly  seized  upon  by 
two  of  the  masterminds  of  the  sdenoe — by  Hnttonin  1799, 
and  by  Scrope  in  1826 ;  and  the  latter,  by  an  appeal  to 
the  district  of  Auvergne,  triumphantly  refuted  the  objec- 
tion that  Bubacrial  agents  were  not  competent  to  perform 
the  task  assigned  to  tJiem.  That  country  has  been  formerly 
the  scene  of  volcanic  activity  on  a  large  scale,  and  many  of 
the  cones  are  still  standing  in  a  fair  state  of  preservation. 
Now  these  cones  are  composed  of  such  friable  materials, 
that  submergence  beneath  the  eea  would  inevitably  sweep 
them  away  altogether.  It  is  therefore  quite  certain  that 
the  country  has  never  been  overflowed  by  the  sea  since  the 
erujitions  took  place,  and  that  any  changes  ui  its  surface 
configuration,  which  can  be  proved  to  have  been  pi'oducod 
since  that  date,  must  be  due  to  siibuerial  action  alone. 
^iich  changes  can  be  proved  to  have  occurred  in  numerous 
imitances ;  for  examplo,  Mr.  Scrope  pointed  out  caseti  wliore 
an  old  valley  had  been  dammed  across  or  filled  up  byalu\-a 
stream,  and  where  the  barrier  had  been  cut  tlirough  or  the 
valley  excavated  afresh.  By  reasoning  of  this  kind  he 
established  beyond  demur,    in    that  particular  case,  the 
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ability  of  Bubaerial  agents  to  effect  all  tliat  the  theoi;  re- 
quirea  of  them  ;  and  what  they  can  do  in  Auvergne,  they 
are  just  as  well  able  to  do  everywliere  else. 

SECTION  III.— HOW  THE  CHARACTER  AND  LIE  OF  THE 
UN'DKRLYINGl  SOCKS  AFFECT  THE  SHAPE  OF  THE 
OltOUSJD. 

We  have  already  had  to  notice  that  the  relative  power  of 
riM-ks  to  resist  denudation  is  an  important  element  in  de- 
tf  nnining  some  of  the  leading  featureB  of  the  surface.  In 
this  atiction  we  wiU  treat  this  part  of  the  subject  more  fully. 

Xtdlative  Hardnasi. — The  character  which  exercises 
ntoTo  influence,  perhaps,  than  any  other  in  this  aspect  is  re- 
lative hardness  and  softness.  Hard  rocks  are  able  to  hold 
out  against  the  wearing  action  of  denudation  better  than 
soft  rocks.  Hence  districts  formed  of  hard  rocks  stand  up 
more  or  leas  boldly  and  ruggedly  in  high  ground.  The 
country  occupied  by  softer  rocks  is  lr.,/er,  tamer,  and  more 
uniform  in  outline.  This  is  well  brought  out  in  Hg.  113, 
which  shows  the  main  features  of  the  country  along  a  line 
from  Snowdon  to  the  east  coast  of  England. 

On  the  west  rises  the  mountain  district  of  North  Wales, 
formed  of  old,  Teiy  much  hardened  rocks,  named  Silurian. 
Then  follows  a  broad,  gently  undulating  tract  of  low  ground 
occu[)ied  by  softer  strata,  known  as  the  New  Bed  Sand- 
stone, which  have  been  only  slightly  tilted  from  a  horizontal 
jKisition.  To  the  east  of  this  plain  a  boss  of  lofty  ground 
marks  the  position  of  the  Derbyshire  hills  ;  th'?30  owe  their 
elevation  to  Uiefact  that  they  are  composed  of  a  hard  group 
of  rocks,  known  as  the  Carboniferous,  which  hare  been 
brought  up  frcon  beneath  the  New  Bed  Sandstone  in  a 
broad  anticlinal  fold.  Descending  the  eastern  flank  of  the 
Di-rliyshire  plateau,  we  find  its  bods  dipping  beneath  the 
New  Bed  Sandstone,  and  pass  on  to  a  fiat  identical  in  cha- 
ractor  with  that  formed  by  the  same  formation  on  the  west. 
After  a  while  the  New  Bed  Sandstone  begins  to  be  covered 
up  by  other  formations,  known  as  the  Oolitic  and  Creta- 
ceous ;  and  where  the  harder  rocks  of  these  groups  come  to 
the  surface,  the  ground  rises  into  long  terraced  ridges. 
The  section  shows  three  tracts  of  lofty  uneven  ground, 
and  t>7o  districts  of  low  and  fiat  ground ;  and  in  each  case 
elevaUon  and  ruggeilnesB  go  along  witJi  hardness  in  the 
underlying  rocks,  and  a  low  level  and  eveoness  of  outline 
with  a  subs^atum  of  soft  rock. 
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The  view  in  Fig.  106  also  illustratee  this  g^eaeral  truth  ; 
the  softer  rooks  In  the  f ore- 
grotmd  give  riae  to  a  low  ^ 
undulatiiigtract;  while  the  % 
hard  limeetone  stands  up  ^ 
in  a  line  of  bold  hills.  * 

Another  very  striking 
stance  of  the  way  in  wb: 
hard  rocks  give  rise  to  pro-    j 
jecting  eminences  is  shown  f 
in  Fig.  1 14 ,  which  is  a  view  ^  . 
of  two  hills  called  Park  and   „ 
Chrome  Hills,  near  Long-  | 
nor,  on  the  borders  of  Der- 


Carboniferous 

rises  at  a  steep  angie  from  ^ 
beneath    a  body  of    very  ■f 
much    softer    Shale,    and  a 
forms  a  table-land,  the  face 
of  which  overlooks  like  a 
waD  the  flat  country  ooeu-    6 
pied  by  the  Shale ;  in  fact,   | 
what  we  usually  get  along  j 
the  line  of  junction  is  juet  f 
such  a  view  as  is  shown  in  fi 
Fig.  106.    In  the  case  now 
.  before    us,    however,    this 
veiy  simple  type  of  land- 
scape is  diversified  by  the 
presence  in  the  middle  of 
the  Shale  flat  of  the  two 
ConspioaoQB  peaks  shown  in 
ihe  sketch.  A  portion  of  the 
limestone  waD  is  seen  in 
the  background,  and  well   i 
in    advance  of  it  the  hills  | 
stand  tip  like  outworks  in  ^ 
front  of  a  rampart.     I  can 
recollect  being  veiy  much 
puzzled,  when  I  first  saw 
these  hills  from  a  distance, 
to  account  fOr  their  iscdated 
position,  but  a  closer  examination  made  all  clear.   Each  oon- 
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sUta  of  a  mass  of  limeetone,  rouKfalj  triangular  in  plan, 
'whicli  hsA  been  brou^lit  up  hy  faulU  in  the  middle  of  the 
Shale,  The  soft  rock  has  been  washed  away  by  subaeiial 
wear  all  round,  and  two  pyramid-shaped  eminences  of 
Limestone  have  been  left  standing  up.  At  the  bottom  of  the 
figure  there  is  a  section  acroes  both  hills ;  the  surface,  when 
subaerial  denudation  began  its  work,  may  have  been  some- 
where about  the  dotted  uae  a  t ;  all  between  that  line  and 
the  .present  surface  has  been  removed,  and  it  is  easy  to  see 
that  the  oocurrenoe  of  the  two  Isolated  hills  is  due  to  the 
fact  that  the  soft  Shale  has  been  carried  away  to  a  ipuch 
larger  extent  than  the  hard  Limestone. 

Otlur  Qualitias  which  mabla  Book*  to  raiiat  Dwiii- 
dation. — But  it  is  not  always  the  hardest  rocks  that  beet 
resist  denudation ;  Chalk,  for  instance,  is  by  no  means  a 
kard  rock,  but  it  stands  up  boldly  in  cooepiouous  hills  abore 
Clays  almost,  if  not  quite,  as  hard  as  itself,  in  a  way  that 
shows  that  it  has  sometldng  about  it  which  enables  it  to 
hold  its  own  against  the  wear  and  tear  of  atmospheric 
agents  better  tlum  the  Clays.  Probably  the  property  which 
I^oduces  this  result  is  the  extreme  porousness  of  the  lock — 
all  the  water  that  falls  upon  it  is  at  once  sacked  in,  and 
there  is  scarcely  any  flow  over  the  surface  to  produce  ero- 
sion ;  the  Clay,  on  the  other  hand,  which  has  suffered  so 
mudi  more  largely,  admits  no  water,  and  hence  a  large 
portion  of  the  rain  which  its  surface  receives  is  available  for 
aenndation.  There  is  a  fact  pointed  out  to  me  by  Mr.  C.  E. 
Eomersham  which  bears  out  this  view.  'When  we  pass  off 
the  Chalk  on  to  the  adjoining  district  of  London  Clay,  we 
find  that  the  bridges  become  all  at  once  lai^^er,  and  that 
where  a  road  crosses  a  flat  liable  to  floods  the  flood-arches 
are  more  numerous  and  wider.  The  contrast  is  very  strik- 
ing, and  proves  how  much  lai^r  the  surface-flow  of  water 
is  over  the  latter  rook  than  over  the  former. 

Another  illustration  of  the  principle  we  are  now  con- 
sidering is  furnished  by  the  section  on  Fig.  113.  It  will 
be  noticed  that  there  is  a  slight  depression  in  the  middle  of 
the  Derbyshire  hills ;  the  boss  is  higher  at  the  edges  than 
in  the  centre.  But  the  rock  which  comes  to  the  surface 
over  this  sunken  space  is  by  for  the  hardest  of  the  group 
that  makes  up  the  hi^h  ground.  The  probable  reason  why 
it  has  not  the  eupenor  elevation  to  which  its  hardness 
would  seem  to  entitle  it,  is  that  it  ia  a  Limestone,  and 
therefore  in  dissolved  away  chemically  as  well  as  worn 
away  mechanically,  while  the  beds  above  it  are  Sandstones, 
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vhoee  destmction  is  mainly  ejected  by  meclituiical  meanE 

Bxamplee  like  thie  teaeh  us  that  the  rock  whiclt  inak«fi 
the  bc^deet  feature  ia  not  neceeaarily  the  hardest,  but 
the  one  which  can  best  resist  denudation,  to  whatever 
quality  that  power  is  due. 

Difftmio*  between  Benlta  of  Kulne  and  Snbae- 
risl  Deandatian. — So  far  wehave  dealt  mainly  with  denu- 
dation in  general  in  *>i'><  aection  ;  but  it  is  inetructive  to  note 
how  the  results,  which  depend  on  the  qualities  we  hare  been 
ooDsidering,  vary  aeoordmg  as  the  agent  employed  is  the 
sea  or  subatirial  forces.  The  effects  ot  marine  denudation 
are  seen  in  the  shape  of  the  coast.  It  cute  horitontaH^,  and 
those  rocks  which  are  beet  able  to  resist  it,  show  their  power 
by  nmning  oat  into  promontories  and  headlands,  while  the 
more  yieldinjf  strata  are  worked  back,  and  give  rise  to  baj's 
and  inlets.  Suba«rial  denudation  acts  on  inland  districts, 
and  cute  vm-tically ;  and  by  it  the  easily  denuded  rocks  are 
worn  down  into  plains  and  valleys,  while  the  strata  which 
give  way  less  readily  ttani  up  in  hills  and  ridores. 

Both  cases  are  seen  side  by  side  in  the  Isle  of  Wight. 
If  the  reader  turns  to  a  geological  map  of  the  island,  he 
will  see  a  belt  of  Chalk,  a  rock  which  we  have  seen  resists 
denudation,  running  across  the  middle  of  it  from  east  to 
west ;  the  rocks  overlying  the  Chalk  to  the  north,  and  those 
iLuderlying  it  to  the  south  of  the  belt,  are  both  of  a  more 
yielding  character.  The  Chalk  shows  iis  superior  powore  of 
resisting  the  horisontal  planins  of  marine  denudation,  by 
jutting  otit  farther  to  ua  than  the  beds  above  and  below  it 
into  the  bold  headlands  of  Culver  Cliff  and  the  Needles. 
Inland  it  gives  proof  of  its  ability  to  hold  out  against  the 
mrtieal  action  of  subaerial  denudation,  by  standing  up 
higher  than  the  beds  on  either  side  in  a  bold  ridge,  that 
stretches  athwart  the  island  between  these  two  projecting 
points. 

Effect  of  Hatnral  Planes  of  Division. — Joints  and 
other  natural  planes  of  division  exercise  an  important  in- 
fiuence  on  the  shape  of  the  surface.  They  admit  water, 
and  determine  the  lines  along  which  it  acts  with  greatest 
efficiency  ;  and  when  their  fluid  contents  are  expanded  by 
frost,  it  is  along  them  that  portions  break  off.  Hence,  in 
well-joisted  rocks,  valleys  will  tend  to  become  gorges  and 
hillsides  to  become  predpitous.  This  ia  well  illustrated  by 
the  view  in  Fig.  1 15,  which  represents  a  valley  in  the  Milf- 
stone  Grit  dismct  of  Derbyshire.    The  bold  line  of  mural 
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precipiceB  wliich  crown  the  flanks  on  either  Bide  are  com- 
posed of  a  hard  OritBtone,  vhile  the  gentler  Blopee  below 
are  occupied  by  Bofter  oltemationB  of  Shale  and  Sandstoae. 
This  diserence  in  the  character  of  the  rocks  would  alone 
lead  to  considerable  difference  between  the  jncliaation  of 
the  upper  and  lower  parts  of  the  sides  of  the  toU^  ;  but 
the  cliffs  at  the  top  owe  their  marked  eteepoees  and  but- 
tressed face  to  the  fact  that  the  capping  rock  is  traTemed 
by  two  sets  of  lon^  regular  joints,  nearly  at  right  angles 
to  one  another.  As  the  Grit  is  nndennined  by  the  wea- 
thering  out  of  the  soft  onderljing  beds,  portions  become 
deprived  of  support  and  break  off  along  these  joints, 
and  hence  the  upper  part  of  the  hillside  assumes  the  form 
of  a  vertical  cliff,  the  face  of  which  is  from  time  to  time 
renewed,  and  kept  always  sharp  and  clean.  That  this  is 
the  method  of  the  formation  of  the  feature  is  clearly  seen 
when  we  examine  the  sides  of  the  valley.  At  the  foot  of 
the  present  diff  we  find  a  talus  of  blocks  which  have 
evidently  teen  detached  very  recently ;  but  these  proofs  of 
the  work  of  destruction  are  not  confined  to  thiw  part  ot  the 
hillside ;  the  slopes  all  the  way  down  are  thickly  strewn 
with  huge  masses  of  grit,  perfectly  angular,  and,  except  that 
they  show  a  little  nu^e  signs  of  weathering,  in  every  way 
similar  to  the  freshly  fallen  blocks  at  the  toip.  These,  there 
can  be  no  doubt,  are  the  ruins  of  old  escarpments,  and  indi- 
cate successive  positions  of  the  diff  while  it  was  being 
worked  back  to  ita  present  line.  These  loose  blocks  are  so 
numerous  that  they  furnish  ample  materials  for  walls  and 
buildings,  and  do  away  in  great  measure  with  the  labour  of 
quarrying.  They  are  distinguished  from  the  stone  raised 
in  quarries  by  the  name  of  "  Day-stonea." 

It  is  denudation,  guided  by  natural  planes  of  division, 
that  has  given  rise  to  the  isolated  pinnacles  of  rock  that 
occur  ao  frequently  both  inland  and  on  the  seanxiast.  We 
have  chosen  two  instances,  one  formed  by  subaerial,  the 
other  bv  marine  denudation.  The  first,  shown  in  Fig.  116, 
is  a  tall  spire  of  limestone  standing  in  one  of  the  Derby- 
shire dales.  Fig.  117  shows  the  way  in  whidi  it  was 
formed :  the  rock  is  traversed  by  two  sets  of  joints  ;  carbo- 
nated water  passing  through  theee  dissolves  the  Limestone 
and  widens  uie  fissures.  By  the  enlargement  of  one  set  of 
joints  a  number  of  buttress-ishaped  ;pn>iections  jutting  out 
from  the  hillside  are  produced.  A  smular  operation  acting 
along  ^e  other  set  of  joints  cuts  up  these  Duttreeses  into 
innnades.     Some  of  the  buttreases  ahown  are  in  the  first 
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Btage,  the  most  distant  has  tdready  begun  to  be  subdivided 
into  pillars. 

Our  otiier  instance  is  the  Needles  of  the  lale  of  Wieht. 
The  Chalk,  of  which  these  are  composed,  has  been  tilted 
till  its  beds  are  nearly  vertical,  and  it  ia  also  traversed  by 
joints  ^rpendicular  to  the  bedding.  The  waves,  aided  by 
Bubaenal  wents  from  above,  have  worked  their  way  along 
these  two  planes  of  tUvision,  and  severed  several  blocks  of 
-  the  rock  &oni  the  main  mass  in  the  cliff.  The  faces  on 
which  the  U^ht  falls  are  formed  by  planes  of  bedding,  the 
slight  deviation  of  which  from  the  vertical  gives  the  Needles 
their  overhanging  position  ;  the  faces  in  shadow  are  joints. 

Effect  of  ths  lie  of  tlie  Beds  on  the  8hap«  of  the 
Sorfiwe. — It  is  easy  to  see  that  the  inclination  of  the  beds 
ia  an  important  element  in  determining  the  shape  of  the 
ground.  Consider  two  areas  of  equal  extent,  over  one  of 
which  the  beds  lie  flat,  while  in  the  other  they  are  incHned 
to  the  horizon.  In  the  case  of  the  first,  when  marine  denu- 
dation ceased  to  act,  the  surface  was  formed  everywhere  of 
the  same  rock  ;  it  would  therefore  he  Imcered  everywhert  at  fhs 
*nmt  rale  hy  ntbaerial  denndattoa,  and  the  result  would  be  a 
sameness  of  feature  and  a  tendency  to  the  formation  of  a 
plain  or  table-land.  If  the  rock  composing  this  fiat  is  hard, 
the  valleys  cutting  across  it  will  keep  a  narrow,  steep-sided 
cross-section,  will  be  tranches  in  fact  that  from  a  broad 

Iioint  of  view  will  not  interfere  with  its  general  plateau- 
ike  character;  but  if  the  underlying  rock  be  soft,  Uie  river 
trenches  will  be  gradually  opened  out  into  broad  valleys, 
uud  this  widening  may  go  on  till  the  plateau-hke  character 
of  the  ground  becomes  entirely  destroyed,  and  its  former 
e<ciBtence  can  only  be  inferred  by  noting  that  the  ridges 
separating  the  valleys  are  all  very  nearly  of  the  same 

li  we  now  turn  to  the  other  area,  where  the  beds  are 
tilted,  we  see  that  the  surface  ia  formed  of  a  succession 
of  rocks,  differing  in  hardness  and  other  qualities  ;  it  will 
therefore  be  lowered  unequally  by  tubaerial  denudation,  and 
the  result  will  be  variety  of  feature  and  a  tendency  to  the 
formation  of  lulls  and  valleys. 

Eiearpmeut  and  Bip^alops. — Such  are  the  broad 
general  facts.  When  we  come  to  examine  more  in  detail 
the  shape  and  character  of  the  features  of  a  country  com- 
posed of  alternations  of  hard  and  soft  rocks  dipping  at 
modemte  angles,  we  find  them  to  be  as  follows.  The  out- 
crops of  the  harder  strata  are  maiked  by  ridges  running 
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parallel  to  the  strike ;  the  ground  occupied  by  the  softer 
beds  forms  valleyW  or  plains.  Further,  there  is  ui  most 
oases  a  marked  difference  between  the  slope  of  the  two  sides 
of  a  rid^  formed  by  the  outorop  of  a  hard  member  of  a 
group  of  bedded  nx^.  On  one  side  it  presents  a  steep  or 
Tertieal  face,  on  the  other  it  falls  away  in  a  long  gentle  in- 
cline. The  next  thing  we  notice  is  that  the  steep  facee  are 
all  turned  one  way,  and  the  gentle  slopes  all  the  other  way ; 
the  first  all  look  towards  the  quarter  to  which  the  beds  rise, 
Ibe  latter  are  inclined  in  the  same  direction  aa  the  dip,  and 
frequently  at  almost  the  same  angle.  Hence  the  latter 
go  by  the  name  of  I>ip-iU>pe»,  whUe  the  steep  sides  are 
distinguished  as  EtcarpmenU. 

In  the  view  aad  section  in  Figs.  119  and  120  we  have  a 
very  marked  instance  of  the  kind  of  feature  iuat  deecribed. 
There  are  two  ridges  running  roughly  parallel  to  one  an- 
other, and  in  each  the  side  turned  away  from  ue  is  steep, 
and  the  side  facing  ub  is  a  broad  flat  surface,  sloping  gently 
down  toward  the  spectator.  The  section  shows  how  these 
features  are  related  to  the  lis  and  character  of  the  rocks ;  it 
runs  from  the  highest  point  of  the  distant  ridge  across  the 
summit  of  the  nearer  ridge  on  which  a  group  of  trees  is 
perched.  We  see  at  a  glance  that  the  steep  fronts  look  in 
the  direction  of  the  rise  of  the  beds,  and  that  the  long 
gentle  slopes  fall  awaj  in  the  same  direction  as  their  dip, 
and  nearly  with  the  same  inclination.  Further,  the  rocks 
which  form  each  escarpment  (2)  and  (4)  are  hard  Sand- 
stones ;  and  beneath  each  of  these  lie  more  yielding  Shales 
(1)  and  (3),  over  the  outcrop  of  which  the  slope  becomes 
more  gentle.  The  dip-slope  of  the  more  distant  ridge  is 
broad  and  very  conspicuous,  that  of  the  nearer  ridge, 
though  narrower,  is  remarkable  for  the  singular  even- 
ness of  its  surface.  The  bed  (4)  is  a  somewhat  massive  and 
well-jointed  rock,  and  hence  the  escarpment  formed  by  it  is 
abrupt  and  craggy. 

The  facts  just  described  are  strictly  in  accordanoe  with 
the  theory  already  put  forward  ea  to  the  origin  of  surface 
inequalities.  It  was  shown  that,  when  a  transverse  trench 
had  been  cut  across  a  plain  of  marine  denudation,  its  sides 
would  be  worn  back  wherever  it  crossed  a  band  of  easily 
denuded  strata,  and  in  this  way  longitudinal  valleys  would 
be  formed  running  along  the  outcrop  of  the  softer  rocks. 
The  valleys  in  the  present  instance  are  longitudinal,  for  they 
follow  the  oubaup  of  the  belts  of  soft  shale,  and  they  are 
found  to  empty  themselves  into  transverse  streams.    Let  us 
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'  look  a  lit  le  more  dmelf  at  tlie  steps  by  whicli  this  very 
oharaoterietic  outline  has  been  produced.  Let  Fi^.  121  re- 
present a  portion  of  one  side  of  the  transverse  trench,  the 
dotted  line  at  the  top  being  the  eurfooe  of  the  plain  of  marine 
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denudation.  Let  (l)and(S)behard,  (2)a8oftiook.  Suppose 
A  C  B  tobe  the  commencement  of  one  of  tiie  longituunal 
vallevB.  The  stream  at  Uie  bottom  of  this  Till  be  con- 
atauuy  cutting  down,  and  atmospheric  action  wiU  be  con- 
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etanilj  woaliinff  in  ita  baoka,  bo  that 

it  will  be  contmually  getting  deeper 

and  wider,  and  will  aaaume  in  buc- 

oeBsion  positionB    such  na  J)  F  £, 

Q  K  H.     The  gradual  growth  of  the 

valley  will  continue  to  go  on  in  the 

^    manner  juat  described  till  it  has  cut 

S    down  to  the  top  of  the  bai^  bed  (I), 

■g    a  position  indicated  on  the  diagram 

0.    by  OEB.     This  may  be  called  a 

0  critical  point  in  the  valley's  existence ; 

1  the  circumstoncaf  under  which  its 

*  excavation  has  been  so  far  earned 
S    on   are  now  altered,    and  a  corre- 

1  sponding  modification  in  the  results 
§  of  the  work  may  be  expected.  Two 
^  courses,  so  to  apeak,  are  now  open 
H  to  the  stream :  it  may  go  on  cutting 
%  deeper,  but  if  it  does,  it  will  have  to 
K  work  its  way  through  the  hard  rock 
%  (1);  or  it  may  attack  the  bank,  KH, 
S  of  soft  rock.  The  latter  is  so  much 
%  the  easier,  that  it  is  evident  it  will 
"  be  the  one  adopted ;  the  direct  deep- 
E  ening  of  the  channel  will  cease,  aud 
g  the  running  water  will  expend  its 
S  energy  in  undermining  the  bank  on 
%  the  nght  hand.  Portions  of  this  will 
^  thuB  from  time  to  time  be  brought 
-  down  into  the  brook,  where  they  will 
%  be  ground  fine  and  swept  away.  In 
■»  this  way  the  bank  to  the  right  will 
g    be  continually  worked  back,  and  the 

*  valley  gradually  widened,  ita  floor 
9  being  alwayB  formed  by  the  top  of 
„*   the  hard  bed  (1).    The  action  of  the 

2  stream  alone  would  produce  a  steep 
M  cliff  on  the  side  we  are  considering, 
^    but  atmospheric  wear  will  come  m 

to  modify  this  result,  and,  by  inces- 
santly breaking  down  the  face,  vill 
always  keep  the  slope  moderate. 
Thus,  one  flank  of  the  valley  will  be 
continually  shifting  to  the  right, 
assuming    in    succession    positions 
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Bucli  aa  L  if,  ]^  0,  P  Q.  When  the  morement  has  ex- 
tended up  to  the  hard  bed  (3),  the  upper  part  of  the  hill- 
eide  will,  on  account  of  the  superior  hardneea  of  this  rock, 
stand  at  a  steeper  angle  than  me  ground  below,  and  hence 
an  eecarpment  will  be  formed  at  the  outcrop  of  thie  stratum. 
We  must  further  notice  that  the  manner  in  which  the  slope 
is  worked  back  will  be  somewhat  different  ia  those  parts 
which  are  composed  of  hard  rock  and  in  those  where  the 
softer  beds  occur.  The  latter  are  gradually  washed  away 
bit  by  bit  in  a  fine  state  of  division ;  from  the  former  large 
blocks  are  detached  from  time  to  time,  which,  on  account 
of  their  superior  power  of  resisting  the  action  of  the  air. 
are  broken  up  very  slowly,  and  consequently  remain  in 
large  numbers  strewn  over  the  slope.  As  the  soft  rock  on 
which  they  rest  is  worn  away  from  beneath  them,  these 
fallen  masses  slide  down  lower  and  lower,  till  the  wholn 
hillside  becomes  thickly  covered  with  them.  One  case  of 
this  kind  has  been  already  noticed  (p.  438),  and  it  ia  an 
occurrence  very  frequently  met  with  on  the  slope  beneath 
an  escarpment  of  hard  rook. 

While  all  this  has  been  going  on  on  the  right,  atmo- 
Rpherio  denudation  has  not  been  idle  on  the  left-hand  side 
of  the  valley.  The  mass  0  K  Roi  soft  rock  is  gradually 
washed  into  the  stream,  and  its  ruins  carried  away.  This 
easily  destroyed  portion  the  aubaerial  denuding  forces  clear 
oS  without  any  difficulty,  but  they  can  make  only  very 
*sliffht  impression  on  the  harder  bed  below  ;■  hence,  when 
the  bottom  of  the  valley  has  been  brought  down  to  the  top 
of  this  rock,  any  furuier  lowering  goes  on  very  slowly, 
and  it  remains  vety  nearly  at  this  level.  And  so  in  the 
end  we  have  left  of  the  rock-mass  we  started  with  only 
that  part  which  is  distin^fuished  by  a  darker  tint  on  the 
figure. 

The  valley  has  now  assumed  a  form  exactly  correspond- 
ing to  that  depicted  on  Figs.  119  and  120;  it  has  a  long  dip- 
slope  nearly  coinciding  with  the  top  of  the  hard  bed  (1), 
and  a  steep  face  on  tne  other  side  ;  the  slope  of  the  latter 
being  comparatively  gentle  where  it  is  formed  of  the  soft 
stratum  (2),  and  rising  in  an  abrupt  scarp  where  it  is  capped 
b?  the  hard  rock  (3.) 

The  reader  most  not  suppose  that  the  explanation  just 
given  is  pure  theory.  If  he  will  go  into  any  district  where 
rocks  alternately  hard  and  soft  rise  to  the  surfaoe,  he  will 
not  only  find  nnmberloss  instances  of  escBrpments  and  dip- 
elopes,  but  he  will  see  the  process  to  which  their  formation 
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has  been  attribnted  still  in  adaon.  He  will  hare  no  diiB- 
oully  in  lighting  on  ca^ee  where  a  brook  rune  from  some 
distance  exactly  along  the  top  of  a  hard  rock  with  a  cliff  of 
the  overlying  softer  beds  forming  one  of  ita  banks.  If  in 
such  a  case  he  mark  the  raw  newly-cut  look  of  the  cliff  and 
the  heaps  of  fallen  debris  at  ita  foot,  he  cannot  fail  to  con- 
clude that  the  stream  is  undertninisK  its  bank,  and  that, 
f  this  gradual  working  back  of  the  lower  part  of  the 
Qpe,  aided  by  auba^ruu  wear  above,  the  valley  is  being 
widened,  while  its  peculiar  type  is  all  along  preserveil 
Only  suppose  that  ue  stream  has  been  doing  for  a  long 
time  back  exactly  what  it  is  doing  now,  and  we  have  all 
the  machinery  necessary  for  carvine  out  of  a  plain  of 
mari'ie  denudation  just  such  hills  and  valleys  as  uie  land- 
scape sets  before  us. 

In  the  illustration  chosen,  the  arrangement  of  the  features 
in  escarpment  and  dip-slope  is  marked  with  singular  dis- 
tinctness. The  reader  must  not  expect  to  find  many  in- 
stances which  conform  to  the  normal  type  as  rigidly  as 
this.  The  two  distinctive  features  are  often  masked  to 
some  extent  by  numerous  minor  modifications,  but  they  can 
always  be  recognised  with  more  or  less  of  certainty  in  a 
country  formed  of  bedded  rocks  of  unequal  hardness  and 
inclined  at  a  moderate  angle.  There  is  probably  no  agent 
80  ef&dent  as  Ice  in  obscuring  the  features  produced  by 
the  unequal  yielding  of  different  kinds  of  rock  to  denu- 
dation. In  some  tracts,  parts  of  the  Carboniferous  districts 
of  the  North  of  England  for  instance,  where  there  are 
aU  the  requisites  for  the  formation  of  escarpments,  we 
find  these  ridges  either  conspicuous  by  their  absence,  or  at 
best  far  less  strikingly  marked  than  among  the  correspond- 
ing rockd  of  the  Centre  of  England.  The  explanation 
probably  is,  that  the  more  northern  region  has  been  swept 
over  by  an  ice-sheet,  which  planed  down  all  the  lesser  in- 
equalities of  the  ground,  and  there  has  not  been  time  since 
the  gladation  for  subaerial  denudation  to  carve  them  out 
afresh.  The  ice-sheet  probably  never  reached  so  far  south 
as  the  centre  of  our  island,  and  there  the  results  of  long 
ages  of  uninterrupted  subaerial  wear  are  seen  in  the  con- 
spicuous character  of  its  escarpments.  The  deposits  also 
formed  by  ice  action  frequently  prevent  our  seeing  features 
which  actually  exist.  Sometimes  lar^e  tracts  of  country 
are  deeply  buried  in  Boulder  Clay,  and  the  uneven  surface 
of  the  stratified  rocks  is  simply  smothered ;  sometimeB 
masses  of  Boulder  Clay  are  piled  up  against  the  steep  face 
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of  an  escarpment,  or  moimdy  hills  of  the  same  ( 
stand  OQ  a  dip-slope,  and  in  this  'way  tlie  distingu 
chamcteristtcs  of  each  feature  are  destroyed  to  the  eye. 
the  driftleea  area  of  the  Carboniferous  rooks  in  South  York- 
shire be  compared  with  the  drift-coTered  corresponding 
area  of  Lancashire,  the  contrast  between  the  sharp  defini' 
tion  of  the  features  of  the  one,  and  the  indistinctnesB  and 
faintness  of  the  features  of  the  other,  is  very  striking. 

BnHid«aiBg  of  Valleya  by  Sivcr  Aotion. — In  the 
explanation  of  the  formation  of  escarpments  and  dip- 
slopes,  we  had  an  illustration  of  the  way  in  which  a  valley 
of  great  width  may  be  out  out  by  the  gradual  working  of  a 
stream  of  very  moderate  size.  In  many  other  cases  rivers 
have  excavated  valleys,  which  at  first  sight  seem  out  of  all 

froportion  to  their  size,  by  similar  artifices.  The  great 
r^dth,  f  OT  instance,  of  many  river  valleys  in  the  lower  part 
of  their  course  is  mainly  due  to  the  incessant  shifting  of 
the  bed  of  the  stream.  The  river  swings  from  side  to  side, 
attacks  first  one  bank  and  then  another,  and  by  the  joint 
action  of  its  undermining  below  and  subacrial  wear  above, 
the  sides  of  the  vaUey  are  worked  back,  and  widening  inces- 
santly goes  on. 

Cutting  baok  of  the  Channels  of  Bivon. — We  have 
hitherto  dwelt  mainly  on  the  action  of  rivers  in  lower- 
ing their  beds,  we  have  now  to  look  at  work  they  do  in 
a  somewhat  different  direction.  In  many  cases,  owing  to 
the  unequal  hardness  of  the  rocks  over  which  they  flow, 
the^  are  enabled  to  out  back  and  len^hen  the  gorges  in 
vhich  they  run.  The  nature  of  this  action,  and  the  way  in 
which  it  is  carried  on,  will  be  understood  by  a  reference  to 
the  sketch  in  Fig.  122. 

We  see  there  a  brook  flowing  in  a  narrow  ^rge,  which 
is  shut  in  at  its  upper  end  by  a  cliff,  over  which  the  water 
tumbles  in  a  little  fall.  The  upper  part  of  this  ditf  is 
formed  of  a  bed  of  rock  which  projects  well  above  the 
strata  below ;  the  same  bed  is  seen  jutting  out  here  and 
there  among  the  foliage  in  prominent  lenlges  from  the  sides 
of  the  ravine.  This  rock  evidently  stands  out  because  it  is 
harder  than  those  underneath  it,  and  this  is  specially  the 
case  at  the  waterfall,  because  Qie  spray  is  then  always 

Silaying  on  the  face  of  the  oliff  and  aiding  other  subaj-nul 
orcee  to  wear  away  the  soft  rocks  of  its  lower  part.  When- 
ever the  ledg«  at  tke  top  has  been  in  this  way  sufficiently 
undermined,  a  slice  breaks  off  along  a  joint,  and  an  even 
face  is  produced.  Undermining  then  begins  again,  till  an- 
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other  fall  of  the  capping  rock  results.  At  the  foot  of  the 
cliff  a  pile  of  frenhly  fallen  fragments  ehowe  that  the  pro- 
cess is  always  going  on.  Thus  the  waterfall,  which  has  in 
the  lapse  of  time  travelled  along  the  whole  of  the  rayine, 
is  still  moving  in  the  same  direction,  and  the  gorge  is  being 
continually  eaten  farther  and  farther  back. 

Instances  of  this  phase  of  river  action  may  be  seen  in 
every  mountain  brook  that  flows  over  alternations  of  hard 
and  soft  rocks.  The  grandest  case  known  is  that  of 
Niagara,  so  well  described  by  Lyell.* 

It  is  evident  that  by  the  action  just  described  very  im- 
portant modi£catioiis  in  the  surface-form  and  drainage- 
system  of  a  country  may  be  brought  about.  A  trifling 
rivulet  Btreaming  down  the  face  of  a  ridge  may  deepen, 


Fig.  122.— BaooE  ouTTnto  back  i  BAvma. 

and  at  the  same  time  eat  back  its  channel,  till  a  deep  valley, 
cutting  completely  through  the  range,  is  prodiicHd.  Thus 
a  transverse  feeder  to  a  longitudind  valley  might  spring 
into  existence,  from  which  longitudinal  brauches  would  ex- 
tend themselves;  indeed,  while  it  ia  Lkely  that  the  great 
transverse  valleys  have  been  carved  in  the  manner  already 
described  out  of  the  orig^al  plain  of  marine  denudation,  we 
may  reasonably  refer  the  lesser  valleys  of  the  same  dass  to 


B  not  difBcult  to  conceive,  too,  how,  when  a  ridge  has 
been  cut  across  by  the  gradual  working  back  of  a  ravine,  a 
very  trifling  amount  of  unequal  upheaval  might  reverse  the 
direction  of  the  drainage,  and  turn  streams  into  this  new 

■  Principle*  ot  Oeolug;,  lOUi  ed.,  toI.  i.  p.  353 ;  Tnvel*  in  North 
Amorica,  vol.  i,  tbiip.  li. 
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ohannel  vHch  had  previoual;  dUchai^^  themselTee  by  dif- 
ferent outlets. 

The  cutting  back  of  river  ohaimela  u  not  confined  to  dis- 
tricts where  the  rocka  are  of  unequal  haidneaa,  though  it 
is  in  each  that  it  goes  on  moat  rapidly  ;  it  happens  more  or 
leu  eTSiywhere,  and  must  take  place  largely  in  rocks,  like 
limestone,  which  are  chemically  soluble.  The  bjooks,  ft^ 
instance,  that  flow  down  the  dip-dope  of  the  CSialk  range, 
push  their  heads  yearly  higher  and  higher  up  the  incline, 
and  may  in  the  end  give  rise  to  valleys  cutting  quite  through 
the  rii^,  which  may  cany  ofi  much  of  &e  drainage  ol 
the  flat  oountiy  beyond. 

SECTION  IV.— FSATUKEB  DUE  TO  THE  ACTION  OP  ICE. 

We  have  already  had  to  do  with  the  denuding  action  of 
ice,  but  <m]y  in  so  far  as  it  furnishes  materitus  for  the 
formation  <^  Derivative  rocks ;  we  will  now  inquire  into 
its  effects  on  the  shape  of  the  surface. 

We  saw  that  ice-sheets  and  glaciers  are  always  moving 
slowly  from  higher  to  lower  levels,  and  that,  as  tiiey  move, 
they  wear  away  the  rocks  over  which  they  pass,  by  means 
of  the  stones  frozen  into  their  under  surface. 

The  shape  given  to  the  face  of  a  country  by  this  grinding 
action  is  total^  differrat  from  that  produced  by  any  other 
denuding  agent,  and  tJierefore  calls  for  special  notice  in 
the  present  chapter. 

But  ioe-wom  surfacee  have  a  further  iutereet  for  the 
geologist.  Changes  in  climate  may  cause  ice  to  disappear, 
but  the  markings  it  impressed  on  the  solid  rock  survive 
long  after  it  has  passed  away ;  and  the  observer,  when  he 
has  once  leamea  to  recognise  their  distinctive  character, 
infers  from  these  surface-forms  the  former  presence  of  an 
ice-sheet  and  the  path  it  took,  as  readily  and  as  certainly 
as  the  hunter  draws  corresponding  oonclusions  frcon  the 
footmarks  and  trail  of  an  animal.  In  this  way  we  are 
enabled  to  show  that  countries  which  now  enjoy  a  tem- 
perate climate,  were  once  placed  under  conditions  suoh  as 
now  prevail  only  in  Arctic  regions. 

a«aanJ  AapMt  of  Ze*-«oni  Diatriots. — A  sheet  of 
ice,  as  it  flows  over  a  country,  wears  down  all  projecting 
points,  and  smooths  off  all  tough  places,  and  in  tlus  way 
the  hills  of  an  ioe-wom  tract  get  a  general  rounded  hum- 
mod^  outline.  No  words  can  give  on  adequate  idea  of 
the  appeonnce  of  such  districta ;  but  any  one  who  has  stood 
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in  the  middle  of  a  group  of  lofly  IuUb  fonnad  of  bare  rock, 
where  ice-work  has  gone  on  on  a  large  ecole,  never  forgets 
the  wonder  with  which  he  for  the  first  time  gazed  on  the 
eameness  of  the  flowing  contouiB  which  eveiy  hill  offered 
to  the  view.  It  is  as  tf  some  giant  hand  hod  taken  sheet 
after  sheet  of  emery  paper,  and  rubbed  and  ground  away 
tiU  eveiy  prominent  peak  and  bristling  crag  had  been  cleared 
off,  and  every  valley-side  smoothed  down.  The  view  in 
Fig.  126  will,  perhaps,  give  some  faint  notioQ  of  the  pecu- 
liar aspect  of  such  a  landscape ;  the  hills  on  the  loft-nand 
side  of  the  lake  are  strongly  typical. 

In  some  cases  this  smoothing  extends  itself  over  the  ttm 
of  the  highest  hills,  and  furnishes  proof  that  the  whole 
oountiy  has  been  wrapped  in  one  universal  mantle  of  ice, 
like  Qreenland  and  the  Antarctic  condn^it  at  the  present 
dav.  Elsewhere  the  ice-wom  surfaces  are  confined  to  the 
valleys,  and  extend  only  to  a  certain  height  up  the  hill- 
sides, in  which  case  the  ^aoiation  was  lees  extensive,  and 
the  ice  took  the  form  i^  glaciers.  The  observer  must 
not,  however,  jump  too  hastily  to  the  conclusion  that  he 
has  detenuined  a  Une  above  which  the  ioe  did  not  rise, 
merely  because  he  finds  traces  of  its  action  plentiful  on  the 
lower  part  of  the  slopes  and  apparently  absent  on  the  hill- 
tops. Ice-tracka  of  course  suner,  and  are  in  time  com- 
pletely removed,  by  denudation ;  they  will  evidently  weather 
away  taster  on  exposed  summits  than  in  lower  and  more 
sheltered  spots,  and  tliiji  may  be  the  explanation  of  their 
absence  above  a  certain  elevation.  But  if  we  find  a  fairly 
hard  line,  below  which  the  ground  is  very  generally 
smoothed,  and  if  above  that  line  it  is  rugged  and  bristling, 
and  does  not  yield  to  the  most  careful  search  the  faintest 
remnant  or  trace  of  ice-wom  patches,  then  we  may  be 
pretty  sure  that  that  line  marks  the  upper  limit  of  the  ice. 

Pollslivd  Snrfkces. — The  features  just  described  are 
those  wnich  strike  the  eye  on  a  general  view  of  an  ice-wom 
country.  The  minor  details,  which  closer  examination 
reveals,  are  no  less  remarkable  and  no  less  important 
geologically. 

Itoek  surfaces  worn  by  modem  glaciers  have  frequently 
a  polish  as  perfect  as  could  be  pi'oduced  in  a  lathe ;  and 
similar  surfaces  of  very  ancient  date,  when  they  have  been 
protected  from  the  air  by  a  coating  of  clay  or  other  imper- 
vious material,  are  found  to  have  lost  scarcely  any  of  thmr 
original  high  polish. 

SoKatohM.—  We  have  already  explained  that  the  to<ds 
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irhict  enable  ioe  to  grind  aivay.  the  lOcks  over  which  it 
passee,  are  stones  frozen  into  its  under  surface.  The  hi^ 
polish  just  mentioned  is  produced  by  fine  sand ;  stones 
cut  grooves  or  etiiationB  according  to  their  size,  the  amall 
sharp  points  etching  on  {he  rocks  Bcratches  as  fine  as  the 
most  delicate  work  of  a  steel  engraving,  the  laiger  blocks 
ploughing  out  fiutings  and  coarse  ruts.  Fig.  123  shows 
a  stone  on  which  both  fine  and  coarse  striee  have  been 

These  markings  are  of  the  utmost  value.  The  scrat^es 
on  the  stone  figured  above  will  be  noted  to  be  rudely 
parallel  to  one  another,  and  this  general  direction  is 
evidently  that  in  which  the  ice  flowed.  By  observing  and 
recording  the  bearings  of  similar  scratenes  on  rocks  in. 
place,  we  shall  be  able  to  lay  down  the  line  of  the  path 
which  the  ice  that  made  them,  took  aoross  the  countiy.  Also 
the  relation  of  the  scratohes  to  the  surface  will  enable  us 
to  form  an  idea  of  the  extent  of  the  ^aciation,  and  to  say 
vhethn  it  amounted  to  a  universal  ice-sheet  or  got  no 
further  than  valley  glaciers.  In  the  first  case,  the  enor- 
mous accumulation  produces  a  pressure  sufficient  to  drive 
the  ice  from  the  interior  to  the  coast,  not  exactly  in 
straight  lines  over  hill  and  across  valley,  but  atill  with 
considerable  disregard  to  the  inequalities  of  the  surface ; 
the  scratches  in  consequence  radiate  in  a  general  way  out- 
wards, from  the  centres  of  Tnniiminn  elevation,  and  fre- 
quratly  pass  up  the  sidee  and  across  the  summits  of  the 
hills.  In  t3ie  case  of  glaciers,  the  motion  of  the  ice,  and 
die  scratches  which  it  outs,  are  parallel  to  the  trend  ai  the 
valleys. 

Boobas  XontoimtfeB, — From  the  grooves  and  scratches 
just  described,  we  can  lay  down  the  course  of  the  ice's 
motion,  but  they  do  not  teU  us  which  way  it  travelled.  We 
can  learn,  for  instance,  that  its  path  lay  north  and  south, 
but  not  whether  it  came  from  north  to  south,  or  in  a  ocm- 
trary  direction.  This  information  we  gather  from  the  shape 
of  certain  rounded  hummocks,  always  found  in  glaciated 
districts  and  called  Boches  Uontonn6es. 

Fig.  124  is  a  sketch  of  one  of  these ;  and  it  will  be  notioed 
that  while  the  right-hand  side  rises  from  the  ground  wUi 
a  gentle,  smoothly-rounded  slope,  the  front  is  steep  and 
comparatively  unworn. 

If  we  examine  a  vaUey  still  occupied  by  a  glacier,  but  in 
which  the  ice  formerly  extended  lower  down  than  now,  we 
shaU  find  that  the  gentle  elopes  of  all  the  moutonn6ed 
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bofises  look  up  tlie  vollej,  and  their  steep  fronts  all  face 
the  oppoaitfi  vaj ;  since  the  motion  of  the  glAoier  is  down 
the  vaUej,  this  amounts  to  saying  that  the  amooth  faces 
point  to  the  quarter  from  which  the  ice  cornea. 

Similarly,  m  a  ooontry  from  which  ice  has  completely  die- 
appeared,  if  the  moutonn^ed  surfaces  are  pTeserred,  we  leam 
from  them  in  what  direction  to  look  for  the  source  of  the  ice. 


¥ig.  134.— Bocaa  MomoniiiL 

It  is  9&By  to  see  how  this  peculiar  fonn  oame  about, 
and  why  the  opposite  faces  of  the  hillocks  are  so  different. 
Let  the  line  jS  S  in  Fig.  125  represent  the  nigged  surface 
of  a  rocky  country  over  which  a  sheet  of  ice  is  moving 
in  the  direction  of  the  arrow.  As  the  ice  is  driven  up 
the  slope  A,  it  will  grind  awajr  all  the  inequalities,  and 
work  the  surface  down  to  an  even  rounded  outline.     The 


Kg.  IIS.— Duoaui 


debris  produced  will  be  pushed  on  over  the  crest,  and  fall 
down  on  a  bank  in  front  of  the  hillock.  The  ice,  as  it 
moves  on,  will  ride  over  the  top  of  the  heap,  and  not 
touch,  or  touch  to  a  very  small  extent,  the  face  S,  which 
will  therefore  retain  its  roughness.  Where  the  ice  impinges 
on  the  next  projection  of  rock,  the  face  which  it  meets  will 
be  worn  smooth,  and  the  opposite  side  will  be  protected  by 
dabris,  and  be  little  affected.    In  the  end,  mien  the  ice 
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haa  gone,  and  the  loose  debris  luta  been  removed  hy  denu- 
dation, there  will  remain  only  tbe  part  tinted  dark  in  the 
ligure,  that  is  to  eay  a  couple  of  hummocks  with  the  out- 
line which  has  been  deecribed  as  characteristio  of  roches 
moutonneee. 

XCor&luM. — The  moraincB  of  Taniahed  ^laders  are  as 
important  as  the  traces  of  ice-action  alret^y  mentioned, 
whether  we  look  upon  them  as  features  in  the  scenery  or 
as  a  means  of  enabling'  as  to  read  the  histoiy  of  former 
glaciations.  Longitudinal  moraines  remain  as  long  lines 
of  hummocky  mounds  or  ridges  running  along  the  tidei  of 
valleys;  ternunalmoraineshaveasimilar outline, butetretoh 
ttCTosH  the  valley  in  a  horse-shoe-shaped  curve,  with  its 
convexity  pointing  downwards.  The  I^ter  have  frequently 
suffered  luvely  nom  denudation,  but,  where  they  are  weU 
preserved,  mey  sometimes  furnish  an  ele^nt  proof  that 
the  glacier  which  gave  rise  to  them  dwindled  away  little 
by  little  before  it  finally  disappeared.  It  is  not  uncommon 
to  find  in  the  upper  reoesses  of  mountain  valleys  a  series  of 
small  terminal  moraines,  one  within  the  other,  each  one 
more  puny  than  the  one  below  it.  From  these  we  learn  . 
that,  after  the  ice  had  disappeared  from  the  low  country, 
glaciers  still  held  their  own  in  tbe  uplands ;  but  that,  as 
the  climate  improved,  they  shrunk  \>aak.  higher  And  higher 
up  the  valleys.  Each  moraine  marks  a  line  at  which  the 
glader  paused  for  a  while  in  its  retreat,  and  the  diminish- 
ing size  of  the  rubbish  heaps  which  it  produced  during 
each  stationary  interval,  points  to  a  corresponding  graduu 
decrease  in  the  volume  of  the  ice. 

LakM. — We  may  oonveniently  consider  here  the  method 
of  the  formation  of  lakes,  because  a  large  number  of  the 
hollows  in  which  they  lie  are  oertainly  in  some  way  ood- 
nected  with  ioe-af.tion,  and  perhaps  have  been  formed 
entirely  by  its  agency. 

The  ori^n  of  some  lakes  is  obvious  enough.  Just  as  an 
ornament^  sheet  of  water  or  reservoir  is  formed  by  throw- 
ing an  embankment  across  s  valley,  so  the  water  of  some 
lakes  is  held  back  by  natural  dams,  composed  of  materials 
different  from  the  r<)pk  that  forms  tbe  bottom  and  sides  of 
the  basin.  An  old  terminal  moraine  often  acts  as  a  dam, 
the  space  above,  which  was  once  filled  with  ice,  being  now 
occupied  partly  by  water. 

In  a  sinular  way  landslips  and  streams  of  lava  some- 
times block  up  a  valley,  and  pond  back  the  water  of  ita 
stream  into  a  uJce. 
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Again,  hummookB,  sooli  as  Eskera,  and  Sand-dunes, 
Bometimea  enclose  lakes,  the  origin  of  whicli  vill  be  better 
understood  when  the  student  has  read  in  the  nezi  section 
an  account  of  the  method  <^  formation  of  these  mounc^ 
elevations. 

Volcanic  craters  also  are  sometimes  converted  into  lakes, 
when  the  volcanic  activity  has  become  extinct. 

Some  deposits,  such  as  that  known  as  Qladal  Drift,  have, 
been  thrown  down  in  an  irregular  manner,  with  a  rough, 
uneven  surface.  Water  accumulates  In  the  hoUows  so 
formed,  and  gives  rise  to  little  lakes. 

Another  way  in  which  lakes  may  be  prodnced  is  by  un> 
equal  elevation  of  the  earth's  surface.  This  may  possibly 
be  the  origin  of  those  remarkable  lakes  in  the  Jordan 
valley,  which  lie  far  below  the  present  sea-level.  Then 
can  be  no  doubt  that  the  long  gorge  in  which  the  stream 
flows  was  cut  out  by  a  river,  which  probably  emptied 
itself  into  the  Gulf  of  Akabah.  Subterranean  movements 
then  went  on  along  the  basin.  The  southern  end  was 
raised  into  a  barrier,  closing  the  former  exit ;  higher  up, 
the  movement  gradually  changed  into  one  of  depression, 
and  along  a  considerable  part  of  the  vall^  the  ground  was 
sunk  deep  below  the  sea-level;  hut  the  depression  was 
greater  at  some  spots  than  others,  snd  by  this  unequal 
beading  down  profound  hallows  were  formed  along  the 
eourseof  the  stream,  now  occupied  by  the  lakes  in  question. 
Till  the  country  has  been  thoroughly  examined  geologi- 
eally,  we  cannot  say  that  the  explanation  just  given  is  cer- 
tainly correct.  The  folding  of  the  surface  into  noUows  is  a 
possible  cause  of  the  origin  of  lakes  that  ought  not  to  be 
«ntdxely  overiooked,  but  at  the  same  time  it  is  doubtful  if 
wo  can  point  to  a  single  instance  in  which  it  has  been 
oonduavely  shown    that  a  lake  has  originated  is  this 


I^kes  are  occasionally  formed  in  a  way  somewhat  akin 
to  that  last  described  by  the  dissolving  away  of  beds  nf 
soluble  materials  benea^  the  surface.  This  has  gone  on 
to  a  large  extent  in  Cheshire.  The  Kew  Bed  MarC  which 
covers  a  Urge  part  of  that  ooun^,  contains  thick  lenticular 
beds  of  Bock  Salt.  Percolating  water  gradually  carries 
these  away  in  solution,  and  forms  groat  underground  cavi- 
ties, into  whi*^  the  overlying  rocks  sink  down,  and  so 
depreeaioni,  which  Bxe  soon  mied  with  water,  are  formed 
on  the  surface.  In  places  where  brine  is  pumped  from 
these  beds  for  the  manufacture  of  s^t,  the  removal  goes  on 
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mora  rapidly  than  under  natural  oondition«,  and  enbeidaioee 
occur  on  a  lasga  acale. 

Lakee  ai«  oocaaionallj  fcmned  on  tlie  aUuvial  fiats  oi 
great  riTera  by  ohangee  in  the  poeition  of  the  bed  of  the 
stream.  When  the  narrow  neck  of  land  between  the  ex* 
tremitiee  of  one  of  the  great  winding  Bweepe  of  a  rirer  is 
cut  through,  the  entrances  to  the  old  channel  frequently 
get  ohokea  up,  and  a  portion  of  the  former  bed  is  isolated 
and  oonrerted  into  a  creeoent-Bhaped  sheet  of  water.  Some- 
times it  happOTB  that  the  whole  apaoe  between  the  old  and 
new  channels  is  turned  into  a  lake.  The  alluTial  surfaces 
are  not  exactly  flat,  but  usually  rise  towards  the  banks  of 
the  stream,  because  it  is  there  that  sediment  is  thrown  down 
most  hugely ;  in  this  way  natural  embankments  are  formed 
along  the  margins  of  the  river,  and  when  the  raised  edges 
of -the  old  and  new  channels  coalesce,  and  the  sunken  space 
between  is  filled  by  rain  or  high  floods,  a  dosed  sheet  of 
water  is  produced.  Lakes  formed  by  these  methods  are 
plentiful  along  the  course  of  the  Mississippi.* 

The  lakes,  however,  formed  in  the  ways  just  described 
form  a  very  small  minority  of  those  which  exist.  Lakes 
are  most  abundant  in  northern  regions,  and  by  far  the 
greater  number  of  these  cannot  be  ranged  under  any  of 
uie  above  heads.  The  reader  may  reoollect  a  picture  in 
i^unM,  where  a  tourist  from  a  manufacturing  district  re- 
marksof  theCumberlandLakes,  "  We  call  them 'Heeevors' 
'in  our  country."  The  speech  betrayed  geological  ignorance 
onite  as  much  as  a  want  of  appreciation  of  the  picturesqua 
These  lakee  are  not  bodies  of  water  held  bock  by  dams 
Testing  ou  the  rock  of  the  country;  they  lie  in  hollows 
which  ore  scooped  out  in  rock  itself  below  the  general 
level  of  the  floor  of  the  valley,  and  the  lip  that  holds  back 
the  water  is  solid  and  oompoeed  of  the  same  rock  as  the 
bottom  and  the  hills  m  either  side.  Basins  enclosed  in 
this  way  by  an  unbroken  rim  of  solid  rock  all  round  are 
called  "rock  basins,"  and  it  is  in  depreesions  of  this 
nature  that  by  far  the  larger  number  of  lakes,  in  northern 
latitudes  at  least,  are  found  to  lie. 

Fig.  126  is  a  sketch  of  a  lake,  which  a  little  examination 
proves  to  lie  in  a  rock  basin.  Along  the  sides,  and  espe- 
cially on  the  left-hand  margin,  the  ice-worn  surfaces  of  the 
hills  plunge  down  steeply  beneath  the  water,  and  a  single 
glance  b  enough  to  assure  us  that  the  edges  of  the  hollow 
are  formed  of  solid  rock.  The  nature  of  the  barrier  at  the 
•  Ljell,  Second  Viiit  to  the  United  States  ii  185,  203,  23L 
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lover  end  is  not  so  obrioos  at  first,  for  th.e  nound  is  moch 
obscured  by  debris  from  the  Burrounding  hilla ;  but  wh.ere 
the  stream  issues  from  the  lake  it  has  cleared  away  the 
loose  matter,  and  we  see  clearly  enough  that  the  water  is 
flowine'  over  a  lip  of  solid  rock,  and  that  it  is  this  and 
not  a  dam  of  transported  matter  ^at  holds  back  the  water. 

The  reader  will  notice  in  the  smoothed  and  rounded  out- 
line of  the  hills,  and  the  moutonn6ed  bossee  that  project 
from  tlie  debris  in  the  foreground,  signs  of  former  m.tense 
gla^ation ;  the  surface  of  the  rock  also  over  which  the 
issuing  water  flows  is  smoothed  and  highly  polished.  We 
shall  see  immediately  that,  wherever  roc^  basins  oocur, 
similar  proob  of  glaciation  are  present,  and  that  the  con- 
nection IS  probably  not  accidental. 

It  is  evidently  not  altogether  an  easy  matter  to  account 
for  the  presence  of  a  rook  basin.  Of  the  various  explana- 
tions just  given  of  tUe  origin  of  lakes  none  will  apply  here, 
unless  it  be  that  of  unequal  winVing  of  the  surface.  But  a 
very  cursory  examination  will  show  that  rook  basins  have 


Fig.  127. 


not  been  formed  in  this  way.  If  thev  had,  the  bedding  of 
the  rocks  beneath  ought  to  be  parallel  to  the  bottom  of  the 
basin,  as  in  Fig.  127.  But  eut^  is  by  no  means  the  case  ; 
the  beds  frequently  strike  directly  across  the  trend  of  the 
take,  dip  at  all  possible  angles,  and  ore  not  unfrequently 
on  end  Deneath  the  water,  so  that  their  edges  must  have 
been  worn  off  to  form  the  dish  in  which  it  lies. 

We  must  therefore  look  for  something  whidi  can  sooop 
out  hollows  in  solid  rock,  and  Professor  Bamsay  suggested 
that  we  should  find  the  tool  we  wont  in  sheets  of  ice. 

It  is  evident  at  first  sight  that  there  is  no  intrinsic  impos- 
sibility in  this  hypothesis.  Denudation  by  any  fluid  agent 
clearly  could  not  form  rock  basins,  beoause  a  running 
stream,  though  it  might  run  into  a  hole,  oonld  not  run 
out  up-hill  at  the  ffuther  end.  But  ice,  when  it  has 
entered  a  depression,  u  still  driven  forward  by  the  p resaura 
of  the  loass  m  the  rear,  and  may  be  forced  out  agam  if  th« 
elope  up  which  it  has  to  move  is  not  too  steep. 

Pursuing  this  line  of  thought,  Professor  Bamsay  noticed 
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that  rock  basina  are  confined  to  oertain  Goantriefl,  where 
thej  occur  in  immenBe  aiimb^s,  and  that  all  these 
ooontries  show  mgaa  of  former  ice-actiou  on  a  large  scale. 
Scotland,  for  inetance,  the  La^e  diBtriot  of  England,  the 
hilly  parts  of  Ireland,  Bcandinavia,  and  North  America, 
were  aU  of  them  covered  with  ice  at  a  time  geologically 
recent,  and  in  all  of  them  lakes  lying  in  rock  basins  are 
scattered  broadcast  over  the  surface,  and  were  once  more 
numerous  than  at  present,  because  many  have  been  silted 
up.  On  the  other  hand,  in  those  parts  of  the  world  which 
show  no  signs  of  former  glaciation,  lakes  are  comparatively 
rare,  and  many,  probably  all,  of  those  we  meet  with  do  not 
lie  in  rock  basins. 

So  suggestive  an  aasodation  led  to  the  idea  that  rock 
basins  may  have  been  scooped  out  by  ice  somewhat  in  the 
following  manner.  "When  a  sheet  of  ice  descends  a  slope 
and  impm^  on  the  fiatter  ground  at  its  foot,  the  ex- 
tremi^,  driven  down  by  the  pressure  of  the  mass  behind, 
acts  like  a  great  gouging  tool,  and  pknigbs  into  the  rocka  . 
of  the  plain.     The  cavity  thus  oommeni^  is  lengthened 


Fig.  I3S. — Bicnoir  Acaou  i  Bocx  Basht. 

out  as  the  ice  advanoes,  but  the  force  of  the  thrust  will 
grow  lees  and  lees  as  we  recede  from  its  source,  and  also 
as  the  glacier  moves  lower  down  it  melts  away,  and  the 
tbickneaa,  and  therefore  the  pressure  due  to  its  weight, 
sradually  decreases.  The  amount  of  erosion  will  Uiub 
riirpipiah  outwards.  from  the  hill-foot,  and  the  hollow 
formed  will  exaduaLly  shallow  in  that  direction  till  it 
oomes  to  nothmg.  In  this  way  a  trough  will  be  worked 
out  with  a  steep  face  on  the  side  nearest  the  source  of  the 
ice,  and  a  long  slope  shelving  up  gently  in  the  opposite 
direction.  This  is  found  to  be  very  generally  the  outline  of 
a  rock  basin.  The  lake  we  have  already  given  as  an  illus- 
tration shows  it  to  perfection,  as  will  be  seen  frmn  Fig.  129, 
which  is  a  section  on  a  true  scale  across  it  and  a  neigh- 
bouring lakelet.  The  slopes  above  the  head  of  each  lue 
are  ioe-wom,  not  unfrequently  to  such  an  estent  that  they 
are  actual  inclined  planes,  so  steep  and  highly  polished  ae 
to  afford  a  very  insecure  foothold  when  uear  of  debris ; 
they  plunge  down  at  once  into  the  wat^  without  the  least 


)  by  Google 


460  a&OLOQT. 

chan^  of  inclination,  the  submerged  portion  being  a  direct 
continuation  of  that  above  the  lerel  of  the  l&ke.  At  the 
U>wer  ends  rock  aurfacee,  equall}'  well  Bmoothed,  rise  at  a 
low  angie  from  beneath  the  water  and  slope  up  grentlj  till 
the  next  abrupt  descent  begins. 

There  can  oe  no  queetion  that  the  basins  hare  been 
filled  with  a  mass  of  moving  ioe,  and  we  can  readil;  realise 
how  thej  may  have  been  formed  altogether  by  such  an 
agent.  A  glacier,  cascading  aa  it  were  down  a  steep  face, 
was  driven  forcibly  against  the  flatter  ground  at  the  foot, 
and  ate  out  a  hole  wmch  was  the  beginning  of  the  basin. 
A  hollow  osoe  started,  the  constant  wearing  of  the  ice-3ow 
would  enlarge  and  deepen  it,  but  it  is  easy  to  see  that  the 
dope  of  the  bottom  would  be  smaller  at  the  lower  than  at 
the  upper  end ;  down  the  one  the  ice  slides  with  gravity  in 
its  favour,  while  it  has  to  move  up  the  other  against  the 
action  of  gravity;  when  it  enters  the  hole,  therefore,  its 
erosive  power  is  greater  than  when  it  ib  leaving,  so  that  in 
the  one  cas4  a  l^ger  amount  of  material  is  removed  and  a 
steep  face  is  produced,  in  the  other  a  more  gentle  slope  is 
formed.  In  laot,  the  ice  having  got  into  the  hole  must  get 
out  of  it,  for  the  pressure  from  behind  will  not  allow  it  to 
stand  Htill,  But  the  only  way  of  getting  out  is  to  wear 
down  the  took  that  stands  in  its  way  to  a  slope  gentle 
enough  to  allow  of  the  mass  sliding  up  it. 

Exactly  similar  results  will  follow  wherever  a  great 
sheet  of  ice  flows  over  an  uneven  surface.  We  only  want 
a  depression  to  begin  with.  Wherever  there  is  a  little 
hollow,  the  ice  will  go  down  inio  it,  wear  it  deeper,  and  give 
it  the  same  sort  of  diape  as  the  basins  just  described.  Not 
that  rock  basins  will  always  exactly  conform  to  this  pattern. 
The  relative  hardness  of  the  rocks  of  theirfloor  will  modify 
the  result,  greater  erosion  and  therefore  greater  depth 
being  produced  where  the  ioe  crosses  beds  relatively  soft. 
The  thickuese  of  the  ice  will  also  have  an  in^Hirtant  effect ; 
when  it  has  onoe  been  started  at  ite  work,  the  thicker  the 
sheet  the  greater  will  be  the  weight  driving  it  down,  and 
the  greater  the  depth  to  which  it  will  penetrate.  Bock 
basins  will  therefore  be  most  likely  to  be  formed,  all 
other  things  being  equal,  beneath  those  parts  of  an  ice- 
sheet  where  it  is  ^ckeat. 

It  is  important  for  the  full  understanding  of  the  theory  of 
the  ice  origin  of  rook  basins  that  the  student  should  clearly 
realise  how  very  shallow  in  comparison  with  their  length 
these htdlows are.  Owingtotheveiygeneralpracticeof  uemg 


)  by  Google 


SOCK  B^ms.  461 

a  scale  for  hngbit  and  depths  lai^er  than  that  employed  for 
horiztmtal  distaaoee,  moet  fllaatrations  convey  a  vwj  false 
idea  of  the  shape  ol  rook  haauiB.  The  section  of  Ix>ug^ 
Maom  in  Fig;.  129,  a  sectioi)  of  the  Lake  of  Genera,  given 
in  Professor  Bamsay's  ^per  quoted  beloir,  or  the  sectioQ 
of  Loch  Lomond,  facing;  p.  518  of  Ur.  James  Qeikie's 
"  Great  Ice  A^,"  all  of  which  are  drawn  to  a  true  scale 
and  therefore  ao  not  exaggerate  the  slopes,  show  dearly 
that  these  depressions,  lai^  as  their  absolute  depth  seems, 
are,  when  tlieir  relative  dimensions  are  taken  into  accoont, 
only  shallow  pans,  and  that  the  inclination  of  their  beds  is 
by  no  means  so  great  as  that  of  many  surfaces  up  which 
ice-sheeta  hare  certainly  flowed. 
taDgbHUm.  I 


The  above  enlaaation  of  the  origin  of  lock  bauna  was 
at  first  violently  opposed.  It  has,  however,  graduaily 
grown  in  favour,  and  some  eminent  geologists,  wbo  at  one 
time  would  not  hear  of  it,  have  given  in  their  adherence  to 
the  views  of  its  author.  It  may  safely  be  said  to  be  a 
reasonable  and  consistent  explanation,  and  the  invariable 
association  of  gladation  with  rock  basins  is  a  strong  argu- 
ment in  favour  of  the  two  standing  to  one  another  in  the 
relation  of  cause  and  effect,  even  if  we  have  not  yet  hit 
upon  the  exact  nature  of  the  mechanism  by  which  ice  has 
been  able  to  scoop  out  the  hollows.* 
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So  far  ire  haye  been  dealing  'witli  ordinaiy  lulls  and 
T&lley  B — what  we  may  call  everyday  features — and  we  have 
seen  that  not  only  is  denudation  quite  oompetent  to  produce 
theee  inequalities,  but  that  we  know  of  no  other  a^nt  among 
exieting  foreea  that  oould  have  formed  them.  Valleys  we 
have  learned  to  look  upon  as  troughs  or  trenchea  dug  out 
by  denudation,  just  as  much  as  a  diteh  is  dug  out  with  a 
spade,  while  hillfl  are  the  remnants  which  denudation  has 
spared.  There  are,  however,  oertain  reliefs  of  the  earth's 
surface,  in  the  formation  of  which  denudation  has  played 
only  a  aubotdinate  part,  and  to  these  we  will  now  turn  our 


The  most  important  of  the  features  that  come  under  this 
head  are  Uountain  Chains ;  next  in  order  we  may  put 
Totcanic  Cones ;  and  then  we  shall  have  to  notice  the 
minor  instances  of  Eskers,  Moraines,  Sand-dunes,  and 
AUuTial  Flats.  In  the  case  of  all  but  the  last  we  shall  find 
that,  though  their  main  outlines  have  been  determined  by 
some  cause  other  than  denudation,  they  have  by  no  means 
been  unafiected  by  that  all-present  agent,  and  that  all  the 
lesser  details  of  their  surface-form  are  due  to  its  action. 

Koautaiit  Chaina. — The  word  mountain  in  its  popular 
acceptation  can  be  scarcely  said  to  carry  with  it  any  very 
definite  meaning.  It  is  used  vaguely  for  a  veiy  high  or 
otherwise  noteworthy  lull,  but  the  limit  above  which  a  bill 
must  rise  before  it  can  be  entitled  to  be  called  a  mountain 
is  purely  arbitrary,  and  depends  largely  on  its  surroundings. 
The  Gigi,  for  instance,  is  so  dwarfed  by  the  neighbouring 
Alpine  peaks,  that  it  is  reckoned  no  more  than  a  subordi- 
nate summit ;  if  it  were  transported  to  the  flats  of  Holland, 
it  would  be  there  looked  upon  as  a  conspicuous  mountain. 

But  it  is  possible  to  frame  a  definition,  though  perhaps 
not  a  very  rigid  one,  of  what  is  meant  by  a  mountain  chain. 
The  one  great  leading  feature  which  distinguishes  moun- 
tain chains  from  the  hills  and  ridges  we  have  hitherto  been 
dealing  with  we  shall  find  in  the  end  to  be  this.  They  are 
not  blocks  of  rock  that  stick  up  because  the  matter  that 
once  surrounded  them  has  been  removed  by  denudation ; 
they  ottie  tktir  inferior  elwaiiim  to  ths  fact  that  th«  roekt  of 
vhieh  they  art  eompoted  have  httn  tquii-zed  and  ridgtd  up  to  a 
grtattr  height  than  the  roekt  of  the  country  on  either  side. 
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Bat  this  is  not  a  truUi  that  can  be  learned  by  direct  ob- 
servation ;  it  is  rather  a  conclusion  we  airiTO  at  only  aft«r 
baTing  gone  throngb  a  somewhat  oomplex  train  of  reason- 
ing ;  it  u  not  therSore  rery  well  eaited  to  form  the  basis  of 
a  d^nition.  But  if  all  the  regions  that  have  undergone 
this  squeezing-up  process  are  found  to  agree  in  poBseBsing 
certain  simple  and  easily  recognisable  external  characters, 
and  if  these  characters  are  not  found  anywhere  except  in 
ntoh  regions,  we  shall  have  in  these  peculiarities  a  means 
by  which  the  eye  alone  can  decide  whether  any  given  tract 
of  lofty  ground  is,  or  is  not,  mititled  to  be  called  a  mountain 

Now  there  are  two  distinguishing  featnree  which  most, 
if  not  all,  mountain  chains  present. 

Ist.  Thrir  breadth  is  small  compared  with  their  length. 

2nd.  They  rise  sharply,  and  are  marked  off  clearly,  from 
the  country  on  either  side. 

It  is  by  the  first  of  these  testa  that  we  distinguish  between 
a  true  mountain  range  and  a  mere  lofty  plateau.  The 
former  consists  of  a  long  narrow  ridge,  or  a  succession 
of  ridges  running  rudely  parallel  to  each  other,  along 
the  crests  of  which  pry'teting  piakt  ar»  perched  in  tines 
approximately  reetilineM-.  A  plateau,  or  table-land,  is  a 
broad  expanse  of  elevated  ground  of  a  tolerably  uniform 
height  all  over,  and  any  pointe  that  rite  prominently  tAove  itt 
level  art  liable  to  be  dotted  about  tetthout  order  or  arrangement. 

This  chain-like  structure  may  always  be  recognised  if  we 
take  a  broad  view  of  any  great  mounlAin  range,  though 
here  and  there  it  may  be  diificult  of  detection,  or  may  be 
for  a  while  lost  altogether.  This  will  be  the  case  at  uiose 
'  great  knots  of  mountains  which  are  formed  where  two  or 
more  ranges  meet  er  cross  one  another;  but  such  excep- 
tions are  of  the  nature  of  local  accidents,  and  do  not  pre- 
vent us  from  realising  the  general  diaracter  of  the  ridges 
as  a  whole,  any  more  than  the  fact  that  a  long  street  opens 
out  every  here  and  there  into  broad  aquares,  prevents  our 
seeing  tihat,  on  the  whole,  it  is  a  street  and  not  a  square. 

The  second  feature  will  be  found  to  be  present  to  a  far 
greater  or  less  extent  in  all  great  mountain  ranjres.  It  is 
true  that  the  main  central  chain  is  usually  dunked  by 
lower  parallel  ridges,  and  that  these  lessen  in  some 
measure  the  abruptness  of  the  transition  from  the  high 
lands  to  the  plains,  and  make  it  difficult  to  say  exacUy 
where  one  ends  and  the  other  begins;  but  for  all  this  the 
eye  seldom  fails  to  recognise  on  a  general  view  the  exist- 
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ence  of  a  change  in  feature  more  or  leM  sudden,  even  though 
it  ma;  be  haraly  poesible  to  la;  coie's  finger  on  the  actual 
spot  where  it  oocuiv. 

The  reader  will  perhaps  form  a  good  idea  of  the  broad 
structure  and  general  chajacter  of  a  mountain  chain  in  this 
way.  Let  him  take  a  number  of  long,  wjuat,  triangular 
priBms,  of  different  sizes,  and  lay  them,  with  their  broad 
laces  downwards,  parallel  to  one  another  on  a  table,  the 
highest  in  the  middle,  l^e  smallest  outside,  and  the  rest 
ranged  between  in  the  order  of  their  sIec  ;  then  let  him 
cut  and  hack  the  npper  edges  till  their  outline  beoomes 

J'agged  and  serrated.  The  group  will  then  form  a  ver; 
air  representation  of  a  mountain  ohain  oompoeed  of  a 
number  of  parallel  ridges,  increasing  in  height  towards  the 
centre,  and  with  prominent  peaks  ranged  along  their 
crests ;  and  the  way  in  which  the  group  is  clearly  marked 
off  frtnu  the  flat  of  the  table  wiU  enable  him  to  r^Jise  how 
a  mountain  chain  rises  boldly  and  sharply  out  of  the 
oountry  on  either  aide  of  it. 

The  definition  just  given  will  exclude  from  the  class  of 
mountain  chains  many  tracts  of  lofty  country  usually 
spoken  of  as  mountainous.  For  instance,  it  will  not  allow 
of  the  existence  of  mountain  ranges  in  the  Highlands  of 
Scotland.  If  we  were  to  look  down  on  that  country  from  a 
balloon,  we  should  see  nothing  corresponding  to  our  table 
and  array  of  prisma.  On  the  contrary,  it  would  appear  to 
be  a  great  table-land,  not  perfectly  flat,  but  with  a  surface 
elighUy  undulating  like  that  of  a  sea  roughened  by  the 
wind  ;  Tslleys  would  be  seen  to  cut  across  it,  but  they  would 
look  like  trenches,  and  would  scarcely  interfere  with  the 
apparent  general  evenness  of  the  surface.  And  if  we  ' 
checked  this  first  impression  by  the  aid  of  a  raised  map  of 
the  diatriet,  we  should  find  that  our  eyes  had  not  deceived 
us.  A  sheet  of  paper  laid  horizontally  on  auch  a  map 
will  touch,  or  veiy  nearly  touch,  the  tops  of  almost  all 
the  hills  ;  here  and  there  a  hole  may  have  to  be  made  to 
allow  a  projecting  point  to  come  through,  but  theae  are  few 
in  number,  none  of  them  rise  much  above  the  average  level 
of  the  surrounding  summits,  and  most  of  them  occur  at 
haphazard  and  with  no  tendency  to  a  linear  arrangement. 

On  the  other  hand,  if  we  turn  to  Italy,  we  shafi  realise 
the  contrast  between  a  loft^  table-land,  like  that  of  Scotland, 
and  a  true  mountain  chain ;  for  the  Apennines,  in  spite  of 
dieir  moderate  height,  are  deariy  entitled  to  that  rank. 
They  form  a  range  decidedly  long  and  narrow,  and  th^ 
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are  flanked  on  both  Bides  by  ground  markedly  inferior  to 
tbem  in  elevation. 

The  two  distingmBhing  features  on  which  we  have  been 
ccmmenting,  though  they  are  useful  as  enabhng  us  to  re- 
cof  niee  mountain  chains,  throw  no  hght  on  the  mode  of 
tlieir  formation.  We  now  jiaBa  ou  to  a  fact  which  has  a 
m.  et  important  bearing  in  this  direction.  AH  h'H  rang  ja 
wl  ich  present  these  features  are  found  to  agree  in  poesejs- 
ing  another  peculiarity.  The  itrata  of  iehieh  thty  are  om- 
fw».  d  art  aUoaj/g  fmuul  to  have  ieen  f>uAetUly  dUtwbed.  The 
mott  striking  foim  of  distortion  is  crumpling  on  an  ex.-Mia- 
Bive  Boale,  by  wbioh  the  beda  hare  been  folded  into  curres 


F    .  130. — InvsanoM  or  HamrTiiii  Bnuu  bt  nmiu  Foli>i-( 

of  enormous  radius,  and  puckered  up  into  the  most  com- 
plicated oontortioas  ;  in  many  oases  this  has  gone  so  far  as 
to  bend  over  the  rooks  in  the  manner  shown  in  Fig-  130, 
and  give  rise  to  perfect  and  repeated  inTersioa. 

Instances  of  this  kind  have  already  been  given,  and  it 
has  been  pointed  out  how  completely  mountain  sections  jnaj 
mislead  as  as  to  the  true  onler  <u  the  beds,  when  parts 
of  the  folds  have  been  removed  by  dsnudatioii.  Faulting 
on  a  large  scale  is  also  very  generally  met  with  among 
the  disturbed  strata  of  mountain  chams,  and  it  is  said 
that  the  faults  are  frequently  revened.    The  axes  of  the 
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folds  and  ihe  faulta  are  in  a  general  way  puallel  to  ihe 
trend  of  the  range. 

It  must  not  be  Bupposed  that  the  distmction  between 
moontain  cb^^if  and  plateatut  can  be  always  rigidlymaui- 
t&ined ;  there  are  elevated  tracts  which  are  somewhat  inter- 
mediate between  the  two,  and  about  which  it  is  not  easy  to 
say  to  which  class  they  ought  to  be  referred.  The  strata 
of  table-lands  are  sometimes  folded  aud  contorted  rery  moch 
in  the  same  manner  and  nearly  to  the  same  extent  as  those 
of  mountain  chains,  and  show  locally  intense  crumpling  and 
inversion.  But  in  the  one  case  the  plication  has  been  wide- 
spread, and  the  resulting  contortion  is  consequently  on  the 
whole  less  violent ;  in  the  other  it  has  been  localised  and 
concentrated  along  certsin  lines,  whereby  the  effects  have 
been  rendered  more  pronounced  and  confined  to  a  com- 
paratively narrow  belt. 

The  reader  will  now,  it  is  hoped,  have  arrived  at  a  clear 
notion  of  what  it  is  that  constitutes  a  mountain  chain.  It 
is  a  long  narrow  range  of  very  lofty  ground,  sharply  marked 
off  from  the  country  on  each  side,  and  the  strata  of  which 
it  is  composed  are  violently  disturbed,  «s  if  they  had  been 
squeezed  together  forcibly  in  a  direction  at  right  angles  to 
the  axis  of  the  chun. 

These  being  the  facts,  to  what  conclusion  do  they  lead  us 
as  to  the  method  of  formation  of  mountain  chains  ? 

We  have  already  seen  reason  to  believe  that  the  procees 
which  gave  rise  to  areas  of  dry  land  consisted  in  a  folding 
of  the  earth's  crust  into  arches  and  troughs,  that  continents 
are  in  a  broad  sense  the  denuded  backs  of  arches,  and  that 
oceanic  depressions  have  had  their  rise  in  troughs.  Now 
we  have  only  to  suppose  this  same  folding  process  to  act 
with  intense  energy  along  certain  lines,  and  we  have  the 
machineiy  competent  to  produce  a  mountain  chain.  A  long 
narrow  ridge  would  be  gradually  raised  above  the  general 
surface,  and  if  elevation  went  on  faster  than  denudation 
could  wear  down  the  protuberance,  a  range  of  high  ground 
rising  sharply  from  the  country  on  either  side  woidd  be  per- 
manently estabhshed.  At  the  same  time  the  thrust,  which 
squeezed  up  the  range,  would  contort  and  crumple  the  strata 
into  folds  ranging  parallel  to  its  length.  It  must  not  be 
supposed  that  aU  the  work  was  done  at  the  same  time ;  the 
process  was  repeated  probably  over  and  over  again  (dong 
the  same  general  line,  and  thus  at  length  the  great  mountain 
ranges  were  brought  to  their  present  elevation.  On  this 
view  all  the  great  leading  relief  of  the  earth's  surface  ere 
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the  result  of  a  kind  of  BhiiTeUing,  and  moantaina  &re  the 
more  prominent  wrinkles. 

To  this  theo>7  of  mountain-building  no  aericnu  objeotion 
has  yet  been  u^ed,  and  it  certainly  looks  as  if  it  contained 
the  elements  of  a  true  explanation,  eren  if  it  be  not  the 
full  explanation  itaelf.  There  are,  however,  certain  diffi- 
culties in  the  way  of  accepting  the  aooompanying  expla- 
nation of  Ihe  origin  of  continents  and  oceanic  trousiis ; 
these  hare  been  ^ready  hinted  at,  and  will  be  more  fully 
treated  of  in  the  next  chapter. 

There  are  two  more  facte  which  (mpport  the  conduBion 
that  the  elevation  of  mountain  chains  was  the  work  of 
lateral  thrust  The  one  is  the  presence  of  cleavage,  the 
planes  of  which  nuwe  parallel  to  the  axis  of  the  chain ; 
this  ia  a  proof  that  the  rocks  have  been  compressed  in  a 
direction  at  right  angles  to  that  line.  The  other  fact  is 
that  mountain  chains  usually  show  a  central  core  or  axis  of 
Granite  or  some  allied  rock,  which  shades  off  insensibly 
on  either  side  into  Gtneiss,  Mica  Schist,  and  other  highly 
metamorphic  forms,  while  from  these  last  a  gradual  pas- 
sage can  be  traced  into  unaltered  beds  (see  Fig.  138).  In 
other  words,  since  the  Granite  probably  marks  only  the 
extreme  stage  of  metamorphism,  the  interior  of  a  mountain 
chain  consists  of  intensely  metamorphosed  rocks,  and  the 
alteration  grows  less  and  less  as  we  recede  from  the  axis 
till  it  disappears  altogether.  Now  the  pressure  required  1 1 
by  our  theoi^  may  wdl  have  given  rise  to  heat  Bufficient[ 
to  produce,  m  conjunction  with  other  agents,  this  meta-" 
morphism. 

"Hia  bulk  of  a  mountain  chain,  then,  must  be  Bup|>osed 
to  have  been  raised  to  its  present  position  by  the  violent 
crumpling  up  of  a  narrow  strip  of  the  earth's  crust.  But 
this  was  only  the  first  step  in  uie  process  of  its  formati<m. 
While  this  was  going  on  denudation  was  not  idle,  and  it 
continued  to  work  when  the  elevation  was  completed.  As 
the  ridge  was  raised  higher,  it  became  more  and  more  ex- 
posed to  the  action  of  the  elements,  and  snbaerial  denuding 
forces  were  enabled  to  act  upon  it  with  more  and  more 
telling  effect.  By  them  the  huge  uncouth  mass  was 
gradually  worked  into  its  present  shape,  and  carved  out 
mto  an  assemblage  of  bristling  peaks,  craggy  predpioes, 
ragged  gorges,  and  open  valleys. 

It  may  be  asked  whether  it  is  necessary  to  call  in  the  aid 
of  special  machinery  for  the  production  of  mountain  chains, 
and  why  they  cannot  be  looked  upon,  like  other  hills,  as 
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xiinply  the  remnants  of  denudation.  There  are  tvo  main 
reasons  why  we  must  seek  an  explanation  of  the  origin  of 
mountain  chains  different  from  that  which  sufficed  Str  or- 
dinary elevations. 

In  the  first  place,  what  we  may  call  the  isolation  of  moan- 
tain  chains  is  a  ground  for  calling  in  Bome  special  agency 
for  their  production.  Where  intense  contortion,  cleavage, 
and  metamorphism  are  manifested  only  along  a  certain 
band,  there  is  good  reason  for  thinking  that  the  forces 
which  gave  rise  to  these  phenomena  were  confined  to  that 
band,  or  at  least  acted  with  nnusual  intensity  within  it- 
Secondly,  in  order  to  get  a  mountain  chain  by  denudation 
alone,  an  amount  of  rock,  far  greater  than  we  have  any 
reason  to  believe  denudation  can  have  removed,  must  have 
been  carried  away. 

We  have  seen  that  possibly  the  ultimate  source  of  the 
elevating  force  was  in  all  cases  the  same;  that  where  it 
extended  over  a  broad  area,  an  embryo  continent  was 
produced  ;  but  where  it  was  limited  to  a  comparatively 
narrow  belt,  its  intensity  was  thereby  inoreaset^  and  the 
rudiments  of  a  mountain-chain  were  the  result.  In  either 
case  it  was  certainly  denudation  that  gave  the  finishing 
touches,  and  carved  out  all  the  leaser  details  of  the 
outline. 

Voloanlo  ConsB. — Volcanic  cones,  the  reader  will  recol- 
lect, are  mounds  of  fragments  of  rock,  which  were  shot  out 
of  a  hole  in  the  ground,  and  piled  up  in  a  heap  round  it, 
with  layers  of  lava  poured  from  time  to  time  over  the  pile 
in  a  semi-fluid  state  out  of  the  same  orifice.  Neither  denu- 
dation nor  elevation  had  anything  to  do  with  their  original 
formation,  but  the  former  agent  of  course,  as  time  goes  on, 
modifies  their  shape ;  by  the  waehing  down  of  their  friable 
materials  their  conical  abruptness  is  diminished,  and 
gullies  and  gorges  are  scored  down  their  flanks. 

Eak«ra. — Among  the  most  remarkable  of  the  minor 
features  of  hilly  districts  in  aorthem  latitudes  are  certain 
long,  winding  ndgee  and  bnnunocky  movinda  of  gntvel  and 
sand,  which  go  by  the  name  of  Kames  in  Scotland,  and 
Eskers  in  IreUnd.  They  rise  boldly  and  sharply  with  steep 
slopes,  to  heights  of  occasionally  as  much  as  100  feet  and 
BometimeB  more,  from  the  ground  on  which  they  stand,  and 
the  singularity  of  their  appearance  has  attracted  the  atten- 
tion of  others  beside  geologists.  Faiiy  legends  still  hover 
around  them ;  they  are  pointed  out  as  the  ropes  of  .sand  in 
the  manufacture  of  which  an  enchanter  strove  to  keep  a 
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restless  demon  out  of  mischief ;  and  they  vere  utilised  as 
natural  eartb.'workB  in  the  days  of  early  warfare. 

To  account  for  the  origin  of  these  singular  hillocks, 
numerous  theories  have  been  propounded;  there  can  be 
little  doubt,  however,  that  they  luiTe  not  all  been  produced 
in  ths  same  vay. 

Some  BO-called  eakers  are  oertainlj  nothing  but  mounds, 
which  have  been  carved  hy  denudation 
out  of  a  thick  sheet  of  gravel ;  these 
present  no  peculiarity  which  entitles  to 
notice  in  the  present  section. 

But  there  are  oth.erB  to  which  this 
explanation  will  not  apply,  and  which 
undoubtedly  owe  their  shape  in  a  large 
measure  to  the  manner  in  which  their 
materials  have  been  heaped  up. 

Several  facts  lead  us  to  this  oonelu- 
sion.  It  not  unfrequently  happens  that 
the  long  ridges  run  together,  and  en- 
close oval-ahaped  hollows  without  an 
eufM,  which  are  sometimeB  still  occu- 
pied by  tarns,  and  sometimes  by  peaty  S 
or  alluvial  deposits  formed  by  the  ulting  ", 
up  of  lakes  that  once  lay  in  them.  It  ^ 
is  evident  that  these  depressions  could 
not  have  been  cut  out  of  a  sheet  of 
ffravel  by  rain  or  river  action,  because 
there  is  no  road  by  which  a  stream  of 
water  could  escape  from  them ;  and  the 
only  way  we  can  account  for  thdr  occur- 
rence is  by  BQppoeing  that  the  gravel 
was  piled  up  in  neaps  round  the  central 
hollow,  so  as  to  enchMe  it  completely  on 
aU  sides. 

This  conclusion  is  further  strength- 
ened by  the  internal  structure  of  the 
kamee.     When  cut  across,  they  show  a 
sectioulikethatinFig.  131.   Thegravel 
is  very  distinctly  though  irregularly  bedded,  and  the  beds 
arch  over,  so  that,  in  a  general  way,  Uie  direction  and  amount 
of  the  dip  is  about  the  same  as  the  slopes  of  the  surface  of 
the  ndge.    This  is  just  the  structure  that  would  be  produced 
if  the  materiab  had  been  heaped  up  by  currents  coming 
alternately  from  opposite  quarters.     Such  conditions  exist 
where  a  river  with  fall  enough  to  enable  it  to  carry  down 
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gravel  enters  a  tidal  sea.  The  sreater  part  of  tbe  lieavy 
material  is  let  fall  near  the  mouth  of  the  river  and  forma  a 
"bar."  At  low  Tater  there  U  nothing  to  check  the  force  erf 
the  stream,  and  it  rolls  the  gravel  up  the  inner  face  of  the 
bar  and  arT&nc;e8  it  in  layers  dipping  tow&rde  the  land ;  as 
the  tide  rises. the  river  is  pounded  back,  and  the  incoming 
waves  roll  pebblea  up  the  outer  face  of  the  bar,  spreading 
them  out  in  beds  which  dip  towards  the  sea. 

At  very  many  spots  where  eskere  occur,  exactly  auch 
conditions  as  these  would  be  produced  if  the  land  were 
submerged.  Eekers  are  extremely  common,  for  instance, 
where  large  mountain  valleys  open  out  into  flatter  oonntiy. 
Supposins'  the  sea  to  encroach  as  far  as  the  mouths  of  the 
vaQeys,  t£e  load  of  debris  brought  down  by  the  monntain 
torrents  wonld  be  tossed  about  alternately  by  the  stream 
and  the  incoming  tide,  and  arranged  in  monnda  and  ridges. 

An  excellent  instance  of  eskeis  lying  in  such  a  situation 
is  found  in  the  lower  part  of  KnnerdJe,  and  is  illustrated 
by  Fig.  132.  The  sketch  is  taken  just  where  the  hi  11  a  of 
the  Lake  countiy  begin  to  rise  from  the  plain  of  West 
Cumberland.  The  long,  narrow  monntain-valley  is  seen 
stretching  away  in  the  distance ;  the  two  mouudy  hUlB  in 
the  foreground  with  trees  on  them,  are  eskers  planted  just 
where  £e  valley  opens  out  on  to  the  flat  country;  mey 
form  part  of  a  group  which  runs  across  the  mouth  of  the 
valley,  ajid  extends  far  out  into  the  plain. 

Another  favourite  locality  for  eskers  is  a  valley,  whicb 
anbmergence  would  convert  into  a  narrow  strait  connecting 
opposite  seas.  Along  such  a  passage  tides  coming  in  oppo- 
site directions  race  furiously,  and,  where  they  meet,  the 
materials  swept  along  by  uie  currents  aro  piled  up  in 
mounds  and  ridges  having  the  outline  and  structure  of 
eskers.  Borne  fine  groups  of  eskers  are  perched  on  pla- 
teaus ;  in  such  a  case  we  find  that  a  certam  submergence 
would  convert  the  plateau  into  a  low  spit  of  land,  over 
which  the  tides  would  wash  at  high  water  from  opposite 
quarters. 

One  or  other  <yi  the  esplanatitms  just  given  will  account 
for  the  formation  of  a  large  number  of  these  singular  hum- 
mocks, but  not  for  all.  We  occasionally  meet  with  long 
snake-like  ri^;es,  winding  over  the  country  with  courader- 
able  disregard  to  the  inequalities  of  the  surface,  and  it  is 
by  no  means  easy  to  say  exactly  how  these  were  formed. 
In  Scandinavia  again,  long  ri%es  of  gravel  and  sand, 
known  as  Aaar,  aro  plentiful ;    they  can  sometimee  be 
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trBced  for  more  than  a  hundred  English  miles,  and  tlieir 
ori^n  liaa  not  yet  been  BatiefaotorilT  made  out.* 

BCoraiiMs. — Among  the  minor  reliefs  not  dae  to  denuda- 
tion we  may  reckon  Glacier  Alorainea.  In  outward  form 
they  are  often  very  like  eebere,  and  the  two  have  not  un- 
&equently  been  mistaken  for  one  another.  In  section, 
howorer,  it  is  always  possible  to  distiuguieh  between 
them.  The  gravel  of  an  eaker  is  nsually  well  bedded; 
a  moraine  oonsiets  of  angular  blocks  of  all  aizee  and 
shapes,  jumbled  together  without  order  or  arrangement, 
and  wim  no  regard  to  size  or  weight.  The  moraines  of 
large  ^aoiers  form  bills  of  oonaiderable  size  :  those  of  the 
Dora  Baltea,  opposite  the  mouth  of  the  valley  of  Aosta, 
rise  from  the  pMns  of  Piedmont  to  heights  of  1,500,  and 
in  one  place  of  nearly  2,000  feet,  and  have  a  frontage  of  at 
least  £ity  miles;  the  lateral  Moraines  stretch  along  the 
valley  in  ridges  equally  conspicuous. 

Sand  DniiMi.— Somewhat  allied  to  eskera  are  the 
mounds  of  sand  swept  off  the  shore  by  winds  and  piliKl 
up  inland  in  hillocks.  They  often  reach  a  considerable 
height  and  assume  wild  fantastic  forms ;  the  sk>pe  of  the 
inland  side  is  much  steeper  than  that  of  the  side  which 
faces  the  sea;  in  section  the  successive  layets  by  which 
they  were  formed  can  often  be  traced.  'Hiey  are  neyer 
permanent,  but  shift  their  position  and  change  their  shape 
with  every  gale.j  Though  most  commonly  found  near  the 
shore  th^  are  not  confined  to  that  locality,  but  are  formed 
far  inland  if  a  supply  of  fine  dry  sand  is  present.  Thus 
the  Band  fumished  oy  the  weathering  of  the  Bunt«r  Sand- 
stone of  the  oentte  of  England  is  sometimes  heaped  up  into 
small  dunes. 

LakM  «&ol«>s«d  hj  h«&pftd-up  XoandB.^The  dif- 
ferent  kinds  of    mound-like    eleratdons    just    described, 

■  See  A.  Oeilds  on  tbe  GUcial     of  Iraltuid,  vol.  i.  pt  S;   Qeol. 
DriR   of  Sootltuid,   p.   112;    J.      Mag.,SDdaeT.,  ii.S6.:  Rev.M.H. 
Gmlde,  The  Great  Ice  Age,  p.      Close,  Jonrn.  Boysl  OeoL  Soo.^ot 
SBG:   tmd  OeoL  U*g.,  ix.   S07:      Ireltknd.  toI.  i.  pt.  3. 
■ome  vecT  happy  enggeationi  ia  a  fFor  tm  acoount  of  the  eiten- 

SperofProL  JamieeoQ'«,  Qnart.  nre  Siuid  Dunes  of  Lea  Landcs, 
UTD.  Geol.  Sao.,  xn.  117 :  vbich  are  smong  tha  U^eit 
Einaban,  BipUnation  of  Sheet*  hnown,  see  Elie  da  Besamont, 
lis  and  116  of  the  QeoL  Survey  Leconi  de  Ofologiqus  pratique; 
M.^  „*  T«i=„4  ....  ifl  .„.!  »n.  Brtmontier  M&moice  mt  le« 
Dunea;  E.  Reclui,  Le  Littornl  de 
la  France ;  DeJeua,  Lithologje  da 
Fond  dsB  Mors. 
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tUcJi  hare  been  fonned  hj  the  heaping  up  of  tJieir  mate- 
rialfi,  ftre  frequently  ao  amuiged  as  cNHupletely  to  encloM  a 
holloT,  and  Then  this  beoomee  filled  with  vatcnr  a  toni  or 
lake  is  produced. 

Alluvial  Flati. — "When  a  tract  of  ground  not  per- 
manently under  water  beoomea  submerged  during  floods, 
the  materials  held  in  suspension  are  thrown  down  as  the 
water  oomes  to  rest.  Deposits  formed  in  this  waj  are 
called  AUunal.  If  the  floods  recur  frequently,  any  inequa- 
lities which  denudation  may  produce  in  the  interral  between 
two  Bubmereeuces,  are  filled  up  by  the  deposit  oi  sediment, 
and  a  smooth  even  surface  is  constantly  maintained ;  hence 
the  surface  of  alluvial  deposits  is  usnaUy  flat. 

BivuF  nats.-~The  valley  of  a  river  flowing  through 
easily  denuded  rooks  generally  has,  over  that  part  <d  its 
oourse  where  the  faU  is  too  small  to  allow  of  the  deepening 
of  the  channel,  a  broad  flat  bottom  of  rich  meadow  lon^ 
over  which  the  stream  winds  in  broad  curves.  From  this 
on  either  side  the  erouiid  rises  in  ste^  bonks  or  diffs. 
Tlie  flat  is  periodioaJly  flooded,  and  the  matter  held  in  sus- 
pension fallB  down  as  the  force  of  the  flood  abates,  and  is 
spread  out  in  broad  smooth  layesB. 


Fig.  lU.— SionoM  X 


B  OLD  Ema  TnucM. 


Old  BlTar  Tarracai. — We  also  frequently  find,  perched 
at  different  heights  on  the  flanks  of  a  valley,  a  succession  of 
terraces  with  fliat  surfaces,  composed  of  gravel,  sand,  or 
silt,  similar  to  that  of  the  alluvial  bottom.  These  are  the 
remnants  of  old  alluvial  flato  fonaed  by  the  river  when  it 
flowed  at  higher  levels  than  now.  Fig.  133  is  a  section 
acxoss  such  a  valley,  showing  two  such  terraces.  The 
dotted  line  (1)  marlra  what  was  at  one  time  the  bottom  of 
the  valley.    The  river  flowed  at  this  level,  with  a  fall  not 
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Buffident  to  enable  it  to  cut  dowB  ite  b  -A,  long  enough  to 
enable  it  to  spread  out  a  sheet  of  alluTium.  Afterwards, 
owing  to  a  change  in  phjsioal  geography,  the  fall  or 
Tolutne  of  the  river  increased ;  it  began  to  cut  down  its 
channel,  and  the  valley  was  deepened.  During  this  process 
the  whole  of  the  alluvial  sheet  was  carried  away  except  the 
bit  at  a.  The  deepening  of  the  valley  went  on  tiU  it  was  cut 
down  to  the  level  (2),  when  the  fall  was  so  far  decreased 
that  erosion  ceased,  and  a  second  alluvial  fiat  was  pn>- 
duoed.  Then  the  deepening  process  began  again,  a  great 
paxt  of  the  second  alluvial  deposit  was  swept  off,  but  two 
patches  (h  i)  remain  at  corresponding  levels  on  either 
side  of  the  valley  to  mark  its  position.  When  the  valley 
had  been  eaten  out  to  its  present  depth,  the  stream  again 
began  to  form  deposits  on  each  side,  and  produced  the  pre- 
sent flat  (c). 

Many  river  terraces  have  been  formed  in  the  manner 
just  described,  but  probably  not  all  For  instance,  a  very 
ingenious  explanation  of  the  fonnatian  of  gravel  terraces 
by  the  aid  of  glaciers  has  been  suggested  by  Frofessor 
Jamieson  in  the  paper  quoted  a  litUe  way  back  (Q,uait. 
Joum.  Geol.  Soc.  of  London,  zxx.  383). 

SeK-beaohur. — We  have  seen  that  the  action  of  the  sea 
tends  to  wear  down  whatever  stands  in  its  way  to  a  uniform. 
leveL  By  this  means,  if  the  land  remain  long  enough  at 
the  same  level,  a  notch  or  shelf  is  cut  around  the  coast,  and 
upon  the  terrace  so  formed  the  tides  spread  out  sand  and 
sningle. 

BiUaed  Beacliei. — These  sea-beaches  correspond  amon^ 
marine  deposits  to  the  alluvial  flats  of  rivers ;  and  just 
as  a  river  valley  is  sometimes  edged  with  old  alluvial 
terraces,  so  we  occasionally  find  ten^cee  of  sea-sand  and 
shingle,  fringing  the  coast  at  various  heights  above  the 
present  sea-level,  which  were  formed  when  the  land  stood 
lower  than  at  present.  Fig.  134  illustrates  such  a  case.  .4 
is  the  present  beach  bounded  on  the  landvard  side  by  a 
ridge  (B)  of  shingle  thrown  up  by  the  waves.  Above  this 
there  is  an  old  beach  (a)  and  a  shingle  ridge  (i),  correspond' 
ing  in  every  respect  to  A  and  B,  and  evidently  formed 
when  the  land  stood  so  much  lower  that  the  tides  ran  up 
aa  far  as  (. 

These  old  marine  terraces  go  by  the  name  of  Eaised 
Beaches ;  they  are  frequently  bounded  towards  the  land  by 
lines  of  bluffs,  in  which  it  is  easy  to  recognise  former  sea- 
diffs ;  the  caves  worn  in  them  by  the  action  of  the  waves. 
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Fig.  lU. — Sborok  or  Hudbbm  add  Old  8ia-bsacb. 

B.  Uodflm  fihbi^  lUdse. 
ft.  Asduit  ditto. 


^raizicK  uid  D«Hita. — ^It  seems  likely  that  tlie  vide, 
rolling,  dry  prairiea  of  North  America  have  originated  in 
the  fimng  up  of  a  great  sheet  of  water  which  once  extended 
over  parts  of  Iowa,  Dlinois,  Indiana,  and  Michigan,  and  of 
which  the  present  North  American  lakes  are  the  dwindled 
remnants.* 

It  may  be  also  that  deserts,  such  as  the  Sahara  and  those 
in  the  interior  of  Australia,  are  old  sea-bottoms  but  httle 
modified  by  denudation, 

Bnmmarj. — When  we  come  to  sum  up  the  results  of  this 
chapter,  we  find  that,  with  a  very  few  unimportant  excep- 
tions, the  dry  land  has  everywhere  a  carved  and  sculptured 
surface,  and  that  the  tool  which  gave  it  ite  present  shape 
was  water,  liquid  or  solid. 
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In  the  ma.joritj  ot  cases,  the  contours  and  ineqaalities 
of  the  ground  are  due  to  this  cause  alone  ;  hills  exist,  not 
because  the  materials  of  which  the;  are  composed  have 
been  pushed  up  higher  than  the  surrounding  oountiy,  but 
because,  while  denudation  carried  awa;  some  parts,  other 
parts  were  better  able  to  hold  out  against  its  wearing  action 
and  were  left  standing  up.  Valleys  have  not  been  pro- 
duced by  a  bending  down  or  fissuring  of  the  earth's  crust, 
but  are  trenches  eaten  out  by  running  water  or  moving  ice. 

The  sea  and  suboerial  denuding  torcee  had  each  a  dis- 
tinct share  in  the  work.  As  continuouB  gentle  elevation 
raised  the  sea-bottom  into  the  air,  the  waves  pared  it  down 
to  an  even  surf  aoe,  known  as  a  Plain  of  Marine  Denuda- 
taon,  and  subaerial  agents  carred  this  out  into  bills  and 
valleys.  The  action  of  the  one  may  be  compared  to  the 
labour  of  the  quarryntan,  who  funushee  a  rough-hewn 
slab ;  the  work  of  the  others  resembles  that  of  a  sculptor, 
who  carves  out  on  the  surface  of  the  marble  a  subject  in 

In  the  case  of  great  mountain  chains  however  and  the 
broad  vallevs  that  lie  between  them,  the  elevatory  forces 
have  played  a  m<H^  prominent  part  in  determining  the 
shape  of  the  surface.  A  long  narrow  zone  of  the  eulb's 
crust  was  ridged  up  faster  than  denudation  could  wear  it 
away,  or  imder  circumstances  where  denudation  could  not 
act,  and  thus  the  main  shape  and  direction  of  tbe  range  was 
established.  Thus  much  must  be  assigned  to  elevation, 
but  all  the  lesser  detaiLs  are  tbe  work  of  denudation,  wbicb 
cut  out  the  peaks  tbat  crown  and  the  gorges  that  iTaverse 
the  ridges. 

In  some  cases,  then,  elevation  has  had  a  leading  share  in 
determining  the  reliefs  of  the  earth's  surface,  and  water  has 
given  the  Bnishing  touches  ;  in  the  majority  of  oases  the 
mequalities,  great  and  small  alike,  have  been  wholly  the 
result  of  denudation. 

The  chief  exceptions  to  tbia  sweeping  statement  sre  the 
cones  heaped  up  by  volcanic  discharges ;  the  mounds  and 
ridges  of  sand  and  gravel  piled  up  by  waves  sud  wind; 
moraines ;  and  the  flats  formed  by  the  deposition  of  alluvial 
sediment  and  by  the  silting  up  of  lakee. 

Of  the  abundant  literature  on  the  subject  of  the  present 
chapter  the  following  may  be  specially  commended  to  the 
reader's  notice ; — 

Sutton' t  Theory  of  the  Earth,  and  Phj^air't  Illustratious 
of  the  Huttonian  Theory. 
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Scropt. — The  Geology  and  Extinct  YcJcanoes  of  Ceatntl    • 
France,  c}iap.  ix. 

Jiatmag.— On  the  Denudation  of  South  Wales  and  the 
adjacent  Countiea  of  England.  Memoirs  of  the  Qeoloe;ical 
Surrey  of  Great  Britain,  i.  297,  The  Physical  Geology 
and  Gieoeraphy  of  Great  Britain. 

The  Old  Glaciers  of  Sititzerland  and  North  Walea. 

J.  B.  Jvket. — On  the  Mode  of  Fonnation  of  some  of  the 
Biver  VaUeya  of  the  Sonth  of  Ireland.  Quart.  Joum.  Geol. 
Soc,  xviii.  378. 

A.  6tiki».—1h.B  SceneiT  of  Scotland  viewed  in  oonnec- 
tion  with  its  Physical  Geology. 

On  the  Phenomena  of  the  Glacial  Drift  of  Scotland. 
Transacts.  Geol.  Soc.  of  Glas^w,  TOl.  i.  part  2. 

Earth  Sculpture.  Nature,  ix.  50.  Traiisacts.  Edinbui^h 
Geol.  Soc.,  ii.  248. 

W.  Wkitak«r. — Subaerial  Denudation.  GooL  Mag.,  iv. 
827,  447,  483. 

C.  Lt  Nest  FMi*r  and  W.  Thphy.—On  the  Superficia] 
Deposits  of  the  Yalley  of  the  Medway,  with  Bemarks  on 
the  Denudation  of  Valleys.  Quart.  Joum.  Geol.  Soc., 
xxi.  443. 

W.  Tophff. — Notes  on  the  Physical  Geography  of  East 
Yorkshire.     Gool.  Mag.,  iii.  435. 

J.  6»ikit. — The  Great  Ice  A^e,  chap,  xxi..  Note  D. 

I^f.  F.  V.  Madden. — United  States  Geological  Survey  of 
the  Territories.  Profiles,  Bectiona,  and  other  iUustrations 
designed  to  accompany  the  final  rmort  of  the  Chief  Geolo- 
gist of  the  Survey.  New  York,  Julius  Bren,  1872.  (Con- 
tains admirable  instances  of  escarpments,  dip-slopes,  tabular 
outliets,  and  other  features  resulting  from  denudation.) 

Bun  Pictures  of  the  Bocky  Mountains. 

The  reader  will  do  well  to  compare  with  the  theory  of 
surface-sculpture  upheld  in  the  preceding  memoirs,  chapter 
xix.  of  the  late  Prof.  Phillips's  Geologjr  of  the  Yalley  of 
the  Thames.  Elegant  and  ingenious  as  is  the  explanation 
there  put  forward,  there  is  about  it  an  imsatiefactory  Tague- 
ness  and  want  of  definition,  which  contrasts  strongly  with 
the  sharp  precision  and  logical  coherence  of  the  views  on  the 
subject  of  which  a  sketch  has  heen  attempted  in  the  pre- 
cedmg  pages,  and  which  are  steadi^  gaining  ground  among 
modem  ge^giats. 
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CHAPTER  XL 

ORIGINAL  Ft  UIDirr  AlfD  FSB8SST  COSDITIOir  OF  TES 
INTERIOR  OP  THE  EA&TS.  CAUSE  OF  VFSSATAL 
AND  COSTOBTION.  ORIGIN  OF  THE  HEAT  RE- 
QUIRED  FOB  VOLCANIC  ENEROT  AND  METAMOR- 
FIIISM.    REMARKS  ON  SFECVLATIVB  QEOLQQY. 

Sit  mihifiw 
Fanden  rai  dta  tarn  Bt  csligiae  menu. 


rr  was  pointed  out  in  tke  opening  chapter  &at  the  geolo- 
gist's first  businese  was  to  make  MmseU  acquainted 
with  those  portions  of  the  earth  which  he  could  actiiallj 
obseiT©,  or  the  nature  of  which  obaeirations  made  on  the 
Buiface  would  enable  him  to  infer  with  very  trifling  risk  of 
error ;  and  that,  until  he  had  mastered  this  branch  of  the 
subject,  he  would  not  be  in  a  position  to  speculate  on  the 
character  of  the  inaccessible  interior.  The  time  has  now 
come  when  we  may  enter  upon  this  fascinating  but,  in  the 
present  state  of  our  knowledge,  somewliat  unsatisfactory 
theme. 

The  subject  is  not  one  of  barren  curiosity.  Till  we  do 
know  what  is  going  on  far  down  under  our  feet,  we  can 
only  very  imperfectly  explain  several  things  that  are  hap- 
pening or  are  now  visible  at  the  surface.  W'e  cannot  say, 
lor  instance,  where  lies  the  source  of  volcanic  saergy,  or 
what  is  the  force  that  has  given  rise  to  folding,  contortion, 
and  faulting.  When  we  reflect  on  the  great  importance  of 
a  thorough  knowledge  of  faults  to  the  miner,  wa  see  that 
even  the  somewhat  abstruse  speculations  in  which  we  are 
about  to  indulge  are  not  without  a  practical  bearing. 

It  is  evident  that  we  can  learn  nofliing  by  direct  observa- 
tion about  the  nature  of  the  earth's  mtorior.     As  in  all 
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thoee  cases  vhere  WA  hare  to  reaaon  about  mattets  whidi 
are  beyond  the  grasp  of  oor  seneee,  -we  muBt  begin  with  an 
hypothesis,  whim  may  be  suggested  to  us  by  some  facts  of 
observation,  or  may  be  pure^  the  outcome  of  our  own 
mental  ingenuity.  We  then  ascertain  by  deductive  reason- 
ing what  results  would  foUow  if  our  hypotheeis  were  true. 
Finally,  we  compaj«  the  consequences  that  follow  from  the 
hypothesis  with  the  observed  facts ;  and  the  probability 
that  OUT  hypothesis  is  correct  rises  in  proportion  as  the 
points  irf  agreement  between  the  two  become  more  numer- 
ous and  exact. 

Now  in  Hxs  ease  before  us  the  main  facts  we  can  learn 
from  obeervatioa,  which  are  of  use  in  checking  and  esti- 
mating the  probability  of  the  truth  of  any  hypothesis  that 
may  ooour  to  ue,  are  these — that  the  earth  is  a  spheroid 
of  reroliition  vety  nearly ;  that  its  mean  density  is  about 
double  the  average  d^isiW  of  the  surface  rocks ;  and  that, 
as  far  as  we  have  been  able  to  penetrate,  it  grows  steadily 
hotter  as  we  go  down,  and  must  therefore  be  constantly 
losing  heat. 

Any  speculations  we  may  indulge  in  about  the  deeply 
seated  regions  of  the  earth  must  be  consistent  with  these 
facts  of  observation ;  but  the  facts  do  not  of  themselves 
help  UB  much  to  an  hypotheeis  about  the  nature  of  the 
interior  and  the  process  by  which  its  present  condition  was 
arrived  at. 

Some  snch  hypothesis  we  must  have,  and  it  appears  that 
we  ntuat  either  trust  entirely  to  our  own  ingenuity  to 
invent  it,  or  look  beyond  the  earth  for  the  facts  Uiat  are  to 
suggest  it. 

Now  observation  of  cosmical  phenomena  has  suggested 
a  theory  of  the  development  of  the  solar  systenL  known 
as  the  Nebular  Hypothesis,  which,  if  it  can  be  securely 
established,  will  aid  us  materially  in  our  present  inquiry, 
for  it  win  tell  us  what  was  the  state  of  the  earth's  interior 
at  a  very  remote  period,  and  what  changes  it  has  been 
passing  through  since,  and  so  will  enable  us  to  make  very 
probaUe  conjectures  as  to  the  condition  it  has  by  this  time 
arriTedat. 

This  hypothesis  was  originally  sketched  out  by  £ant, 
and  WBS  afterwards  more  fuUy  developed  by  Laplace. 
The  substance  of  it  is  as  follows. 

There  are  in  the  heavens  faintly  luminous  cloudy 
masses  known  as  nebnlee,  and  the  speotroaoope  has  lately 
revealed  to  us  the  fact  that  some  id  these  are  bodies  cd 
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glowing  hot  gas,  andtheappearanceof  some  of  them  is  audi 
as  would  be  produced  by  rotation  round  an  axis.  As  the  heat 
escapee  from  these  by  radiation  into  space,  they  must  oon- 
tract ;  whenever  from  time  to  time  the  anrinking  has  gone  so 
far  that  the  central  attraction  is  no  longer  able  to  overcomA 
the  tendency  of  the  outside  portion  to  fly  off,  a  ring  is  sepa- 
rated which  afterwards  cxillecta  together  into  a  ball.  By  a 
continuation  of  this  process  the  neoula  is  at  last  broken  up 
into  a  number  of  balls,  all  of  which  rerolre  round  the  centre 
of  the  original  mass  and  rotate  on  their  axes  in  the  same 
direction,  and  a  central  globe,  which  retains  its  heat  after 
the  balls  have  parted  with  a  large  portion  of  theirs.  In 
a  word,  the  nebula  is  in  this  way  transformed  into  a  group 
of  planets  revolving  round  a  central  sun.  The  theory  which 
supposes  the  solar  system  to  have  originated  in  the  manner 
just  sketched  out,  accounts  so  satisfactorily  for  many  of 
the  main  characteristics  of  the  planetary  system,  that  there 
is  a  very  strong  probability  in  favour  of  its  being  true.  But 
for  details  on  this  head  the  reader  must  turn  to  works  on 
astronomy ;  we  have  to  do  with  the  theory  here  only  so  far 
as  it  concerns  the  earth.  According  to  it,  our  globe  was 
originally  an  intensely  heated,  rotating  mass  of  gas,  and  has 
assumed  its  present  form  by  gradual  cooling. 

Out  task,  then,  will  be  first  to  lay  before  the  reader  all 
the  facta  about  tiie  constitution  of  the  earth  which  can  be 
gaUiered  from  observations  made  at  or  near  the  surface ; 
secondly,  to  see  how  far  these  facts  £t  in  with  and  confinn 
the  hypothesis  of  the  nebular  origin  of  the  earth ;  and, 
thirdly,  assuming  that  hypothesis  to  be  true,  and  that  the 
earth  was  once  fluid,  to  inquire  if  we  can  form  any  esti- 
mate of  the  state  to  which  the  interior  must  by  this  time 
have  been  brought,  whether  any  portion  still  remains 
fluid,  or  whether  aolidiflcation  has  extended  from  surface 
tooeutre. 

Shftps  of  tho  EktUi. — In  order  to  get  a  proper  notion 
of  what  is  meant  by  the  shape  of  the  eaith,  it  is  necessary 
clearly  to  realise  that  even  llie  very  largest  inequalities  of 
its  surface,  the  loftiest  mountains  and  the  deepest  oceanic 
depressions,  are  very  small  indeed  compared  with  the  dis- 
tance from  the  centre  to  the  surface,  and  may  be  altogether 
neglected  when  we  look  at  our  globe  as  a  whole.  So  small 
are  they,  that,  if  we  could  take  a  joum^  into  space  and 
view  the  earth  from  a  moderate  distance,  its  outline  would 
hxA.  as  oven  and  repilar  as  that  which  the  mocm  presents 
tons. 
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In  this  broad  sense  it  is  woU  known  that  the  earth  maj 
be  readily  prored  to  be  g-lobular  in  shape,  and  that  more 
aoourate  investigations  show  it  to  be  not  an  exact  sphere, 
but  to  be  flattened  like  an  orange.  The  question  of 
the  determination  of  the  exact  figure  of  the  earth  has 
engaged    the  attention  of 

many  tti A.t.h  *wn  a\ii*i  H.TI  Hj   mid 

they  have  shown  that  the 

form    which    agrees    beet 

with    the    observed    mea- 

Burements  is  that  of  a  solid 

generated  by  the  revolution 

of  a  half   ellipse,  A  £  h, 

Fig.  135,  about  its  shortest 

diameter,  £  b.    The  name 

given  to  such  a  eoUd  is  an 

oblate  spheroid;  S  and  & 

are  the  poles,  B  h  the  polar 

axis,    the  circle  described 

by  A  the  equator;  and  if 

C  be  the  middle  point  of 

Bh,  A  C\a  the  equatorial 

radius  or  axis.    In  the  case  _ 

of  the  earth  ^  C  is  a  httle  *'*■  '*"■ 

short  of  four  thousand  miles,  B  C  between  thirteen  and 

fourteen  miles  lees.* 

For  an  account  of  the  methods  used  to  determine  the 
figure  of  the  earth  the  reader  may  refer  to  Lockyer'a 
Elementaiy  Lessons  in  Astronomy,  chap.  viii. ;  Ally's 
Ipswich  Lectures,  pp.  36 — 51  ;  Encvclopiedia  Metropoli- 
tana,  Art  "  Figure  of  the  Earth ; "  Ilaily,  Astronom.  Soc 
Uemoirs,  vol.  viii.  ;  Sir  H.  James,  Phil.  Trans.,  1BS6  (vol. 
cxlvi.),  p.  607 ;  Comparisons  of  Standards  of  Length, 
Ordnance  Survey  of  Gtreat  Britain,  Appendix;  ArSid. 
Pratt,  a  Treatise  on  the  Figure  of  the  Earth,  4th  ed. 

IEmui  Daiudty  of  ths  Barfeli. — The  weight  of  the 
whole  earth  has  been  determined  by  several  physical  and 


*  SonM  geomst«n  have  thought 
thit  the  rasalts  of  ohMTntioii  nan 
b«  hast  reconciled  b;  nippomng 
tlMt  the  e^rtb  i*  not  exactly  a 
•olid  of  resolution,  and  that  the 
eqoAtor  ii  not  a  cirda  hnt  an 
eUipae  whose  longest  diameter 
hetween  one  and  two  miles  loi 


a  inmmary  of  their  yitm*  see 
Nature,!.  160.  ArahdeMon Piatt 
has  thrown  grsM  doubts  on  the 
nscesxity  for  luch  a  suppoaitiaii 
(see  FiKui«  of  the  Earth,  4th  ed., 
181).  Bir  W.  Thomson  inpporta 
it,  Natorftl  Philoaaphy,  Aita.  7M, 
7ST. 
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astronomical  considerations,  and  it  liaa  boon  fonnd  ttat  our 
globe  weighs  between  five  and  six  times  as  much  aa  an 
equal  bulk  of  water.  We  exprefls  this  hy  sajine  tbat  tlie 
mean  densil;  of  the  earth  is  between  5  and  6.  The  rocks 
of  the  crust  are  on  an  average  about  two  and  a  half  times 
as  heavy  as  water,  so  that  the  rate  of  the  mean  density 
of  the  cruflt  to  the  mean  density  of  the  whole  earth  lies  be- 
tween 5  to  10  and  5  to  12,  or  may  be  put  at  9  to  11.  It 
follows  from  Ihin  that  the  interior  of  the  earth  must  eon- 
tain  matter  far  deuBsr  than  that  which  forms  the  crust. 

We  know  nothing  for  certain  about  the  way  in  which 
the  materials  of  the  earth  are  arranged,  but  an  expres- 
sion, duo  to  Laplace,  which  will  be  given  further  on,  repre- 
sents very  probably  the  law  of  the  d^isity  of  the  interior. 
If  we  employ  this  expression  to  calculate  the  probable 
density  at  different  depths,  we  shall  find,  taking  the 
density  of  the  surface  to  be  2'fi— 

Denii^  at  dq>th  of    250    uiSm    I-l 


i,eoo 

2,000 
2,fi00 
3,000 

2,fiao 


The  densities  of  the  principal  metals  are— Gold,  19-3; 
Lead,  11-3;  Silver,  10-5;  Iron,  7-8;  bo  that  the  density  half 
way  down  is  about  that  of  Iron,  the  density  at  the  centre 
less  than  that  of  Silver. 

Two  explanations  have  been  offered  to  account  for  the  high 
mean  density  of  the  earth.  It  has  been  suggested  that,  (kr 
down  below  the  surface,  the  enormous  weight  of  the  over- 
lying rocks  would  alone  suffice  to  compress  the  material  of 
the  interior,  and  make  it  as  dense  as  observation  shows  it 
to  be.  It  is,  however,  an  open  question  how  far  we  can  go 
on  increasing  the  density  of  bodies  by  increasing  the  pres- 
sure to  which  they  are  subjected.  ^Experiments,  as  far  as 
they  have  gone,  seem  to  show  that,  as  the  pressure  is  in- 
creased, the  density  increases,  but  at  a  rate  that  constantly 
grows  less  and  less.  It  is  therefore  possible  that  the 
effect  of  additional  pressure  in  rendering  a  body  more 
dense  may  become  less  and  less  till  a  point  of  approximate 
maximum  density  is  reached,  and  that  beyond  that  no  in- 
creatie  in  the  pressure  will  add  sensibly  to  the  density. 
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^nuMe  wlio  liold  this  view  accoimt  for  the  high  mean 
densitT  of  the  earth  b;  aupposing  that  the  interior  contaiss 
a  mach  larger  percentage  of  heav7  metals  than  the  cru§t. 

On  the  subject  of  the  earth's  density  the  reader  may 
oonBult  Lockyer's  Elementary  Lessons  in  Astronomy, 
Arts,  634 — 637 ;  Airy's  Ipswich  Lectures,  pp.  20* — 
214;  Moekelyne,  Phil.  Trans.,  1775,  p.  500;  Cavendish, 
Phil.  Trans.,  1798,  p.  469;  Baily,  Aatronom.  Soc.  Monthly 
Notaces,  iv..  96;  Hxil.  Mag.,  xxi.  (1842),  111  j  Sir  H. 
Jamee,  Fhil.  Trans.,  1856,  p.  591. 

Inf  mal  Tamparatnr*  of  tli«  Bartli. — The  tempera- 
ture of  the  surface  of  the  earth  varies  according  to  the  time 
of  day  and  the  seasons ;  as  we  descend  below  the  surface, 
we  find  the  osdUationB  due  to  these  causes  to  grow  lees  and 
less,  and  at  last  we  reach  a  point  where  they  cease  to  make 
themselves  felt,  and  the  temperature  of  Uie  rock  is  prac-- 
tically  ooastant.  A  surface  passing  through  all  the  points 
thus  determined  is  called  tht  itratum  of  ineariabU  ttBipera- 
tuM ;  its  depth  increases,  on  the  whole,  from  the  equator 
to  the  polee,  but  many  local  variations  are  caused  by  cir- 
cumstances such  as  unequal  conducting  power  of  the  sur- 
face rock,  and  for  this  reason  the  depth  of  the  invariable 
stratum  does  not  follow  any  fixed  law  from  place  to  p]act<. 
At  Greenwich  it  is  found  at  a  depth  of  50  feet,  and  thi^ 
temperature  of  the  earth  is  there  49'5°  Fah.,  or  one 
degree  higher  than  the  mean  temperature  of  tlie  air. 

When  we  pass  below  the  stratum  of  invariable  tempera- 
ture, it  has  been  found,  wherever  observations  have  been 
made,  that'the  deeper  we  go  the  hotter  does  the  earth  be- 
come. The  rate  of  increase  determined  in  various  cases 
varies  between  vety  wide  limits,  perhaps  about  1°  Fah. 
for  every  60  feet  of  descent  will  be  about  the  average  of  all 
the  observed  rates.  The  depth  of  the  deepest  point  whose 
temperature  has  been  noted  falls  considerably  short  of  a 
mile,  and  observation  therefore  merely  justifies  us  in  say- 
ing that,  for  the  moderate  depths  to  whach  we  have  been 
able  to  penetrate,  the  temperature  increa.se3  as  we  descend. 

The  reader  njay  refer  for  details  to  Phillips,  Phil.  Mag., 
V.  446  (1834);  Forbes,  Trans.  Royal  8oc.  of  Edinburgh, 
xvi.  189  (1846) ;  Angstrom,  Upsala  Nov.  Act.  Soc.  Sci.,  i., 
147  (1851);  Hopkins,  PhU.  Trans..  1857,  p.  806;  Hull, 
Proceed.  Eoyal  Soc.,  xviii.  175  (1870),  Quart.  Joum. 
Sci.,  V.  14  (1868);  Repoi-ts  of  the  British  Association 
Committee  on  Underground  Temperature,  1868 — 1872; 
Sir  W.  Thomson,  Trans.  Boyal  Soc.  of  Edinburgli,  xxiL 
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405  (1860);  J.  D.  Everett,  ibid.,  Txii.  429  (1881),  xxiii. 
21  (1861),  Edinburgh  New  Phil.  Joura.,  xiv.  19  (1861), 
Reports  of  BritiBh  Absoc.,  1859,  Tkds.  Sect.,  245;  6il- 
limau'e  Journal,  zxzt.  17  (1663),  Proceed.  Belfast  Nat. 
Hiet.  and  Phil.  8oc.,  1873—1874,  p.  41;  Greenwich 
Obsepvations,  1860,  p.  cxciii. 

InfBreaoes  from  tlia  forogolng  Facts. — Such  being 
the  facts  we  gather  from  observations  at  the  surface,  we 
have  next  to  see  how  far  they  are  in  accordance  with  the 
hypotboeis  that  the  earth  has  assumed  its  present  condition 
by  cooling  down  from  an  intensely  heated  gaseous  <a  fluid 

It  is  of  course  open  to  any  one  to  maintain  that  the  earth 
came  into  being  just  as  it  ia  now,  with  the  exoeptioa  of 
those  surface  modMoations  which  geology  shows  have  been 
for  a  long  time  and  are  now  goine  on ;  but  the  supporteta 
of  such  a  view,  if  there  be  any,  vill  have  to  get  over  several 
very  ugly  objeotionH.  First,  with  re^rd  to  temperature,  has 
it  ^ways  been  the  same  as  now  ?  In  that  case,  since  heat 
is  conatantly  passing  away  by  radiation,  there  must  be  some 
means  of  making  good  the  loss,  and  keeping  the  interior  at 
a  constant  temperature.  No  adequate  means  of  bringing 
about  this  adjustment  has  yet  been  suggested.  But  if  we 
suppose  that  the  earth  was  once  far  more  highly  heated 
than  now,  vn  can  understand  that  the  inside  must  be  hotter 
than  the  surface,  because  the  heat  passes  off  from  the  latter 
by  radiation,  and  from  the  former  by  conduction  through 
materials  of  very  low  conducting  power.  The  only  reason- 
able explanation,  then,  which  has  been  offered  of  the  cause 
of  intental  heat  ia,  that  the  earth  is,  and  always  has  been, 
a  cooling  globe,  which  is  exactly  what  the  nebular  hypo- 
thesis supposes  to  be  the  case. 

Again,  with  regard  to  shape.  If  any  hold  that  the  pre- 
sent figure  is  original,  they  are  bound  to  give  reasons  wl^ 
it  is  a  spheroid  and  not  a  sphere,  and  why,  of  the  innumer- 
able spheroids  possible,  a  particular  one  has  been  chosen 
rather  than  any  other.  No  possible  reason  can  be  assigned 
for  the  preference ;  we  can  see  no  useful  end  that  was  to  be 
served  b^  giving  the  earth  exactly  its  present  elliptidty,  «r 
any  poesibie  harai  that  would  result  from  its  being  more  or 
less  ellipticaL  But  we  can  show  that  all  these  peculiarities 
of  shape  would  probably  follow  es  a  matter  of  course,  if  the 
earth  has  consoudated  from  a  fluid  state. 

For  those  who  wish  to  know  the  grounds  on  which  this 
statement  is  based,  we  offer  a  short  outline  of  the  steps  by 
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which  mathematidans  have  been  able  to  prore  Uub  point. 
If  a  mass  of  heterogeneous  fluid,  acted  on  by  no  force 
besides  the  mutual  attraotioB  of  its  particlee  according  to 
the  IftT  of  gravity,  rotates  about  an  axb,  the  following  re- 
sults have  been  arrived  at  respecting  its  shape  and  interned 
constitution. 

(1)  The  external  form  is  an  oblate  spheroid,  whose  asis 
is  that  of  rotation. 

(2)  If  a  surface  pauiug  through  all  the  points  where  the 
density  is  the  same  be  mled  a  surface  of  equal  densi^, 
then  all  tbeae  surfaces  are  concentric  spheroids,  having  the 
axis  of  rotation  for  a  common  axis.  "Ab  ellipticities  <a  the 
surfaces  of  equal  density  decrease  from  the  surface  towards 
the  centre.  * 

(3)  Surfaces  of  equal  density  are  also  surfaces  of  equal 
pressure. 

(4)  The  density  increasea  along  any  straight  line  from 
the  centre  to  the  surface. 

Now  in  order  to  apply  these  results  to  decide  whetber  it 
is  probable  that  the  earth's  present  shape  is  due  to  conso- 
lidation from  a  fiuid  state,  we  must  do  this.  We  must 
take  a  body  of  fluid  having  the  same  mass  and  volume  and 
rotating  in  the  same  time  as  the  earth,  calculate  what  would 
be  its  ellipticity,  and  see  whether  it  comes  out  the  same  as 
the  observed  ellipticity  of  the  earth.  The  actual  process, 
however,  is  one  of  great  difficulty  and  oomplexity.  We 
oould  determine  the  ellipticity  of  the  eurface  if  we  knew 
the  law  connecting  the  density  at  any  point,  and  the  dis- 
tance of  that  point  from  the  centre.  The  density  at  any 
point  wiH  depend  upon  three  thin^,  tbe  material  of  which 
the  earth  is  composed  at  that  pomt,  and  the  temperature 
and  pressure  at  mat  point.  We  know  none  of  these  three, 
and,  if  we  knew  them  all,  we  should  not  be  much  better  otf , 
for  we  are  unable  to  say  what  density  a  given  temperature 
and  pressure  would  produce  in  a  nven  material ;  we  could 
say  that  temperature  would  tend  to  decrease  and  pres- 
sure to  increase  the  density,  but  not  to  what  extent.  We 
are  therefore  obliged  to  assume  some  law  of  density,  and 
see  whether  the  results  that  follow  from  our  assumption 
agree  with  those  of  observation.  Laplace  assumed  that 
the  law  connecting  the  density  and  pressure  within  the 
earth  was  such,  that  the  increase  in  pressure  varies  as  the 
increase  in  the  square  of  the  deosi^.  In  the  case  of  a 
perfect  fiuid,  that  is  a  fluid  in  which  there  is  no  friction 
oetween  the  particles,  the  density  is  proportional  to  the 
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presBure.  or  double  the  presBure  and  you  double  t!ie  den- 
Bity ;  while  with  Laplace's  law,  to  double  the  density  the 
pressure  muet  be  increased  more  than  fourfold.  There  is 
an  d  priori  probability  in  favour  of  such  an  assumption. 
The  material  of  the  earth,  when  it  aasumed  its  present  fonn. 
had  probably  so  far  cooled  down  ae  to  be  pasty  and  to- 
eous,  BO  that  "there  would  be  a  good  deal  of  fnction  between 
the  particles,  and  therefore  t£e  force  neceesai?  to  brin^ 
them  closer  toother  would  be  greater  than  in  the  case  ol 
a  perfect  fluid.  This  assumption  led  to  the  following  result. 
If  we  denote  by  Da  the  density  at  every  paint  on  a  stirf  aco 
of  equal  density  whose  semi-axis  is  a,  then 

iJ.  =  ^  sin  (f.)..  (1). 

where  A  and  ^  are  constants,  that  is  die  same  for  all  sur- 
faces of  equal  density. 

We  have  next  to  determine  the  numerical  values  of  A 
and  q:  and  this  we  do  in  the  foUowinK  way.  tf  r  repre- 
sents the  polar  radius  of  the  earth,  we  obtain  the  expreaston 
for  the  density  at  the  surface  by  substituting  r  for  a  in 
equation  (X),  or 

'  Surfaos  Deniity  =  —  dn  (gr). 

Observation  shows  that  the  surface  density  is  about  2.S, 
BO  that 

—  ain  (fr)  =  2-S. 

Again,  we  can  by  a  litde  calculation,  frame  from  the 
general  formula  (1)  an  expression  for  the  mean  density  in 
terms  of  A  and  q  ;  this  we  equate  to  the  value  of  the  mean 
density  obtained  from  observation.  Thus  we  arrive  at  two 
equations,  from  which  the  numerical  values  of  A  and  q 
are  determined. 

Further  formuhe,  which  are  too  complicated  to  be  intro- 
duced here,  give  the  eccentricity  In  terms  of  A  and  ;;  and 
now  that  wo  know  the  values  of  these  quantities,  we  can 
determine  the  value  of  the  eccentricity  which  follows  from 
Laplace's  assumption,  and  see  if  it  agrees  with  the  observed 
value.  When  the  calculations  are  made,  the  value  obtained 
from  theoiy  is  found  to  be  almost  exactly  the  same  as  the 
values  given  by  several  independent  methods  of  observation. 

As  a  '^irther  chech  on  the  oorreotness  of  the  assumed 
law  of  de  i»it^,  we  may  determine  what  results  it  leads  to 
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respediiig  the  nuiation  of  gravity  at  different  points  of  the 
earth's  surfaoe  and  the  amount  of  the  Froceesion  of  the 
Equinoxea,  and  here  again  the  oalonlated  and  observed 
valuea  are  oloaely  in  accordance  with  one  another. 

These  remarkable  coincudencee  are  strongly  in  faTOor  of 
the  hypotheeis  of  the  earth's  original  fluidity,  and  no  other 
theory  has  been  propounded  to  aoooimt  for  the  observed 
facts  by  the  operation  of  natural  causes.  But  there  is  not 
evidence  enough  to  justify  us  in  saying  that  no  other  satisfac- 
tory theory  can  be  devised.  Professor  Stokes  has  pointed 
out  that,  for  all  we  know  to  tJie  oontra^)  tJiere  may  be  other 
laws  of  density  which  would  give  equal^  satisfactory  results. 
He  has  shown  that,  in  order  to  have  the  agreement  we  have 
arrived  at  between  theory  and  observatiou,  two  things  onlj 
are  necessary.  First,  the  earth's  surfaoe  must  be  what  is 
called  a  "  surface  of  equilibrium,"  that  is,  one  of  the  sur- 
faces which  a  rotating  fluid  mass  tends  to  assume  when 
acted  on  by  nothing  out  the  mutual  attraction  of  its  par- 
ticles. Secondly,  the  interior  density  may  follow  any  law 
whatever,  provided  only  that  the  surfaces  of  et^ual  density 
are  nearly  spherical,  and  have  a  common  centre  and  axis. 
The  first  condition  is  ceriainly  and  the  second  probably 
satisfied  in  the  case  of  the  earth,  and  hence,  whatever  be 
the  law  of  the  density  of  the  interior,  the  observed  and  cal- 
culated values  of  the  change  in  gravity  and  of  the  preces- 
sion will  t^ee.  The  tests,  then,  we  have  applied  are  not 
sufficient  to  establish  the  correctness  of  the  assumption  on 
which  the  truth  of  the  fluid  hypothesis  is  based,  and  it  is 
passible  that  the  earth  may  have  assumed  its  present  shape 
IQ  some  other  way  than  by  consolidating  from  a  fluid  state. 
At  the  same  time.  Professor  Stokes  admits  that  Laplace's 
law  represents  in  all  probability  approximately  the  distri- 
bution of  matter  withm  the  earth,  and  that  the  agreement 
of  the  results  of  calculation  deduced  from  it  with  those  of 
observation  furnishes  a  certain  degree  of  evidence  in  favour 
of  the  hypothesis  of  original  fluidity.* 

It  is  BO  important  that  the  student  should  clearly  realise 
how  far  known  facts  may  be  fairly  said  to  be  in  favour  of 
the  earth's  originalfluidity,  that  we  will  repeat  nnder  some- 
what a  diSarent  form  the  line  of  argument  just  worked  out. 

If  we  start  with  the  assumption  that  the  matter  compos- 
ing the  earth  was  once  a  fluid  mass  rotating  about  the 
present  axis,  mechanical  consideratione  show  t£at  th6  form 


)  by  Google 


488  OEOLOor. 

assumed  on  coneolidation  will  be  an  oliIat«  spheraid  lutTing 
the  axis  of  rotation  for  its  geometrical  axia.  The  earth  haa, 
-we  have  Been,  this  shape.  If  we  make  the  further  assump- 
tion that  ^e  matter  in  cossoiidatins  armnged  itaelf  acoora- 
ing  to  the  law  of  density  adopted  by  Laplace,  we  find  that 
the  calculated  values  of  the  ellipticity,  of  the  Tariation  of 
gravity  over  its  surface,  and  of  the  amount  of  preceasion, 
come  out  almost  exactly  the  eame  as  those  obtained  from 
obserration. 

The  question  then  ariBea,  do  these  coincidences  warrant 
Ihe  condumoD  that  our  two  assumptions  are  neoessarity 
true  ?  They  obriously  do  not,  unless  we  can  show  that  no 
other  hypoUiesis  leads  to  an  equally  close  agreement  be- 
tween the  reslilts  of  theory  and  observation. 

Now,  curiously  enough,  it  turns  out  that  the  variation  of 
gravity  and  the  amount  of  precession  will  be  the  same 
whatever  be  the  law  which  governs  the  density  of  the 
interior,  provided  only  that  the  estemal  surface  is  a  "sur- 
face of  equilibrium,"  and  the  surfaces  of  equal  densi^  aT« 
spheroids  of  small  eccentricity  with  a  common  centre  and 
axis.  Our  earth  is  bounded  by  a  surface  of  equilibrium, 
and  there  is  every  reason  to  believe  that  the  arrangement 
of  the  interior  must  satisfy  the  second  condition.  Hence 
the  surface  variations  of  gravity  and  the  precession  tell  us 
nothing  about  the  law  of  density  that  obtains  in  the  intericw ; 
they  would  remain  exactly  what  they  are  even  if  the  density 
followed  a  law  different  from  that  assumed  by  Laplace, 
and  really  the  coincidences  which  obtain  in  their  case  be- 
tween the  theoretical  and  observed  values,  add  nothing  to 
the  evidence  in  favour  of  Laplace's  assumption.  We  are 
therefore  thrown  back  on  the  eccentricity,  and  here  there 
is  the  obvious  objection  that,  though  the  fluid  hypothesis 
does  lead  to  a  value  the  same  as  the  actual  one,  it  is  yet 
perfectly  conceivable  that  an  equally  satiRfactory  theoiy 
might  be  devised,  which  would  account  for  the  earth's 
jiresent  shape  in  some  other  way.  But  till  some  one  shall 
point  out  what  that  other  way  was,  and  by  what  machinery 
It  produced  the  earth's  present  shape,  we  are  bound  to 
loott  favourably  on  the  fluid  theory,  because  it  does  supply 
us  with  a  defmite  mechanical  process  perfectly  capable  ot 
effecting  the  observed  result. 

To  this  recapitulation  we  may  add,  that  it  is  worthy  also 
of  note,  that  whatever  the  law  of  IJie  internal  density,  it 
is.  necessary  that  the  external  shape  of  the  earth  should  be 
that  which  a  rotating  mass  of  fluid  assumes,  or  we  should 
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not  have  the  requisite  agreement  between  calculation  and 
obeerration.  This  fact  couBtitutes  an  antecedent  proba' 
bility  that  ori^^al  iluidity  has  been  the  cause  of  the  earth's 
figure. 

We  may  fairly  say  then,  that  the  bypothesiB  of  the 
orig^inal  fluidity  of  the  earth  is  the  only  hypothesis  yet 
propounded  which  furnishes  a  satisfactory  explanation  of 
the  origin  of  the  earth's  figure,  and  that,  till  some  better 
explanation  is  offered,  we  are  bound  to  accept  it  aa  a  highly 
probable  proviaional  theory. 

It  is  also  in  its  favour  Ibat  it  does  not  stand  on  its  own 
legs  only,  but  is  really  part  and  parcel  of  the  far  wider 
Nebular  Hypothesis,  on  behalf  of  which  independent  argu- 
ments m%ht  be  urged. 

nssent  Stats  of  th«  Earth's  Interior. ^Seeing,  then, 
that  it  is  likely  that  the  earth  was  once  wholly  fluid,  our 
next  inquiry  will  be  whether  any  part  of  it  is  still  in  that 
state,  and,  if  so,  how  much  ? 

Dootrino  of  ft  Tliiii  Crust. — A  very  ofF-hand  solution 
of  this  question  was  at  one  time  thought  sufficient.  It  had 
been  found  that  for  small  distances  below  the  surface  the 
earth  grew  hotter  the  deeper  we  got  into  it ;  and  if  the 
heat  went  on  increasing  at  the  same  rate,  it  was  easy  to  sea 
that  at  points  not  very  remote  from  the  surf  nee  a  tempera- 
ture must  exist  whidi  would  be  quite  eullicient  ai  atmo- 
tphtrie  pretmre  to  melt  the  most  refraetoiy  substances.  It 
was  therefore  maiitained  that  the  interior  of  the  earth 
must  be  necessarily  in  a  state  of  fusion,  and  that  the  only 
supposition  reconcilable  with  the  known  increaee  of  heat 
downwards  was  that  there  was  an  outside  solid  crust  not 
many  miles  thiclc,  while  below  that  the  earth  consisted  of 
melted  matter  down  to  its  centre.  .  To  explain  this  state  of 
things,  it  was  supposed  that  the  solidification  of  the  earth 
bogMi  at  the  outside,  spread  slowly  downwards,  and  had 
not  yet  extended  to  any  great  depth.  It  was  believed  that 
volcanoes  drew  their  lava  from  the  great  internal  reservoir 
of  molten  matter,  and  that  the  phenomena  of  upheaval  and 
the  displacements  of  the  stratified  rocks  were  caused  by 
upewel£ngs  of  portions  of  the  seething  mass.* 

The  doctrine  that  the  earth  consists  of  a  thin  crust  and  a 
molten  interior  was  at  one  time  very  ^nerally  accepted, 
and  it  is  by  no  means  certain  yet  that  it  is  altogether  fabe. 
It  has,  however,  been  opposed  on  various  grounds,  and 

*  For  a lammary  of  the>«  viewg  J'lum.,  Jan.,  1^S8,  p.  273  i  Fwu 
tM  Oordier,  Ediiibm^h  Now  Phil.      Uwu.  Aotd.  Sd.,  vil  473  <1827). 
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Bome  of  the  objections,  it  most  be  allowed,  bave  con- 
eiderable  weigbt.  It  is  eaay  to  see  tbat  tbe  arguments  b; 
wbicb  it  was  originsllj  eu|iported  did  not  take  into  acooont 
eereral  consideratdons,  wbich,  it  is  possible,  migbt  modify 
its  coiicluBions  veirj  serioufilj;  and  other  objectioufi  have 
been  raised  to  it  on  meohanioal  BTOunds.  We  must  now 
oouaider  tbe  arguments  of  those  who  oppose  this  view. 

In  the  first  place,  tbe  doctrine  of  a  tbin  crust  iavolTeB 
the  asBumption  that  tbe  temperature  oontinueB  to  increase 
to  all  depths  at  the  same  rate  as  bad  been  observed  near 
the  surface.  Sir  W.  Thomson  has  shown  tbat  it  is  perfectly 
possible  that  this  may  not  be  the  case.  He  indinee  to  the 
belief  tbat  the  temperature  would  increase  at  tbe  rate  of 
1°  Fab.  for  every  51  feet  down  to  a  depth  of  100,000 
feet  or  so,  but  tbat  below  that  depth  tbe  rate  of  increase 
per  foot  would  begin  to  iliTniniiili  Bensibly.  At  400,000 
feet  the  rate  would  be  1°  for  141  feet;  at  800,000,  1"  for 
2,550  feet,  and  so  on  in  a  rapidly  diminisbing  ratio.  Buob, 
he  thinks,  is  the  probable  representation  of  the  earth's 
present  temperature  down  to  100  miles,  below  which  the 
whole  maea  is,  whether  liquid  or  solid,  probably-  at,  or 
nearly  at,  the  proper  melting  point  for  the  preesure  at  each 
depth.  Sir  W.  lliomfion  baa  assumed  in  this  investigation 
that  no  crust  would  be  formed  till  the  whole  earth  had 
cooled  to  a  uniform  temperature  of  7,000°  Fab.  (which  he 
takes  to  be  about  tbe  average  melting  point  of  rock),  that 
is  to  say,  till  the  whole  earth  was  j  ust  on  the  point  of  solidi- 
fication. This  and  some  other  assumptions  perhaps  detract 
from  the  value  of  the  result,  still  the  investigation  la  of 
great  importance,  as  showing  the  poesibilify  (d  a  state  of 
things  very  different  from  tbat  implied  by  the  doctrine  of  a 
thin  crust.* 

Another  oversight  was  committed  in  not  taking  into 
account  the  possible  effects  of  preaeure.  Even  supposing 
the  surface  rate  of  increase  of  temperature  to  be  continued 
to  all  depths,  yet  pressure  would  increase  at  the  same  time, 
and  it  is  perfectly  possible  that,  under  great  pressure,  sub- 
staiicas  may  remain  solid  at  temperatures  far  higher  than 
would  suffice  to  melt  tbem  at  the  aurface.  If  tbe  power  of 
preesure  to  keep  bodies  solid  be  greater  than  tbe  power  of 
heat  to  melt  them,  the  earth  might  be  solid  to  the  core 
even  though  the  surface  rate  of  increase  of  temperature 
should  be  kept  up  to  the  centre. 

■  TniuacL  Boysl  Soo.  of  ThomKin  Mid  lUI,  Hstond  FU- 
Edinliuigh,  ziiiL  part  L  p.  1S7 ;      lofophy,  p.  689. 
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TJniortimatelr  ire  laiaw  next  to  nothing  alraut  the  rela- 
tion between  the  ft^bing  point  of  rocks  and  the  preeBure 
they  are  Bubjected  to ;  but,  as  this  ie  a  question  which 
will  come  before  ub  ag;aiii  before  long,  we  will  give  bere 
what  little  can  be  said  on  the  subject.  It  seems  d  priori 
likely  that,  if  a  body  expands  in  melting,  the  fosing  point 
will  be  raised  by  pressure ;  for  the  greater  the  pressure 
the  greater  will  be  the  amount  of  energy  required  to  force 
its  molecules  apart.  Experiments  have  to  a  certain  degree 
confirmed  this  inference,  as  will  be  Been  from  the  result 
of  Mr.  Hopkins's  inTostdgationB  given  in  the  following 
table :— • 


PwraretnlU 

lo«M«l.illl!h. 

FDdDy»lnta 

™^^,. 

ewufau. 

11,880 

124" 

1*0° 
176-6° 

we-6- 

lee-s" 

176-fi° 

1S8° 

les' 

1M° 

225" 

2TS(r 

286" 

On  the  other  hand,  in  some  metallio  alloys  Mr.  H<^kiii8 
failed  to  detect  any  elevation  of  the  melting  point  by 
increased  pressure.  Mr.  David  Forbes  has  ^ao  pointed 
out  that,  in  the  oase  of  Suljihur,  the  elevation  of  tbe  fusing 
point  goes  on  at  a  diniinishing  rate  as  the  preasure  in- 
creases ;  thus,  between  atmoepheric  pressure  and  that  of 
7,790  lbs.  to  the  inch,  it  takes  an  increaae  of  141  lbs.  to 
the  inch  to  itdse  the  fusing  point  one  degree,  but  between 
7,790  lbs.  and  11,880  lbs.  to  the  Inch,  it  takes  an  increase 
of  409  lbs.  to  the  inch  to  produce  the  same  elevation ;  and 
he  has  suggested  that,  juat  as  there  is  probably  a  point 
beyond  wMch  addition  of  pressure  does  not  make  a  body 
denser,  so  there  may  be  a  similar  limit,  beyond  whioli  the 
fusing  point  of  a  body  is  not  raised  by  increased  pressure.! 
The  remainder  of  the  experiments  do  not  confirm  this 
notion,  for  the  tendency  in  Spermaceti  ia  decidedly,  and  in 
Wax  and  Stearine  slightly,  in  the  opposite  direction ;  but 
perhaps  we  can  hanuy  reason  from  such  easily  fusible 
eubatancee  as  to  the  properties  of  the  more  intractable 
materials  of  the  earth.  One  thing,  however,  we  may  safely 
say.  Supposing  that  at  great  depths  below  the  earUi's  sur- 
face there  is  heat  tending  to  produce  and  pressure  tending 
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to  prermt  fusioii,  our  knowledge  is  not  sufficient  to  enable 
UB  to  say  vhioh,  at  any  given  point,  will  prevail 

We  aifi  equally  in  the  d&rk  as  to  the  effect  of  high  tem- 
perature in  futering  the  conducting  powra  and  speciEc  heat 
of  rocks. 

Again,  if  we  are  to  have  a  thin  crust  and  a  molten  in- 
terior, the  Bolidification  of  the  earth  must  hare  begun  at  the 
surface ;  but  we  do  not  know  that  this  was  the  case,  it  may 
have  begun  at  the  centre. 

Whet^.er  solidification  begins  at  the  surface  or  at  Ute 
centre,  will  depend  on.  that  relation  between  fusing  point 
and  pressure  about  which  we  are  unluckily  ignorant.  If, 
during  the  time  when  the  earth  still  retained  a  consider- 
able d^ree  of  fluidity,  portions  of  the  outside  became 
solid,  or  increased  in  density  owing  to  lose  of  heat  by 
radiation,  they  would  sink  down  into  the  still  fluid  mass 
below.  If,  as  they  approached  the  centre,  the  increased 
pressure  bad  a  greater  eflfect  in  preventing  them  from 
being  fused  than  the  increased  temperature  had  in  pro- 
motiug  their  fusion,  they  would  retain  their  solidity,  and 
thus  a  solid  nucleus  would  accumulate  round  the  centre. 
This  process  would  go  on  tUl  the  fluid  portion  had  so  far 
cooled  down  that  it  was  too  pasty  to  allow  of  any  hardened 
portions  of  the  surface  sinking  through  it.  The  external  half- 
fluid  shell  would  then  begin  to  cool  by  conduction,  the  super- 
ficial part  would  part  with  its  heat  most  rapidly,  and,  since 
none  of  it  could  descend,  an  external  crust  would  be  formed. 
In  this  way  we  might  arrive  at  an  earth  with  a  solid 
crust  and  a  solid  nudeus,  and  a  shell  of  imperfectly  fiuid 
matter  between.  The  gradual  loss  of  heat  by  conduc- 
tion might  aubsoquently  cause  the  intermediate  shell  to 
solidify,  and  the  earth  might  thus  become  solid  from  sur- 
face to  centre. 

If,  on  the  other  hand,  the  influence  of  pressure  in  pre- 
venting fusion  were  less  powerful  than  that  of  temperature 
in  promoting  it,  the  portions  solidified  at  the  surface  would 
be  again  melted  as  tiiey  sank,  and  the  earth  would  be  kept 
fluid  throughout,  till  it  reached  the  pasty  state,  when  an 
external  crust  would  begin  to  be  formed.  But  even  in  this 
case  we  should  not  be  able  to  say  what  is  the  present 
thickness  of  the  crust  unless  we  Imew  the  original  tem- 
perature, the  time  elapsed  since  it  began  to  be  formed,  the 
rate  of  cooling,  and  sundiy  other  things,  about  all  of  which 
we  are  hopel^ely  in  the  dark.  It  is  perfectly  possible  that 
the  crust  may  not  yet  have  attained  any  great  thickness, 
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or  it  ma;  be  that  Bolidification  has  worked  its  wa;  down 
to  the  centre. 

It  appeaiB,  then,  that,  assummg  the  earth  to  hare  come 
into  ite  present  condition  hy  cooling  from  a  mdtod  state,  it 
must  have  one  of  the  three  following  constitations : — 

(1)  It  may  coi^ist  of  an  extemaJ  solid  cruat  and  the 
interior  may  be  wholly  fltiid. 

(2)  It  may  oonsist  of  a  central  solid  nucleus  and  an  ex- 
ternal solid  crust,  separated  by  a  shell  of  imperfectly  fluid  ; 
matter. 

(3).  It  may  be  solid  throughout. 

But  we  are  altogether  unable,  with  our  present  know- 
i,  tti  decide  by  direct  reasoning  which  of  these  three 


probable  thickness  of  the  crust.  We  must  therefore  see  if 
any  ligbt  can  be  thrown  on  the  qnestioD  by  indirect 
methods. 

Ai^^wnant  flram  Prooesaion. — Among  the  attempts 
made  in  th'"  direction,  we  must  notice  first  the  endeavours 
of  the  late  Ur.  W.  Hopkins  to  determine  what  ia  the  least 
possible  thicknesB  of  the  earth's  crust  that  is  oonsistent 
with  the  phenomena  of  precession  and  nutation.  The 
actual  calculations  are  exceedingly  refined  and  intricate, 
but  the  following  sketch  will  give  an  idea  of  his  line  of  ar- 
gument. The  attractions  of  the  sun  and  moon  on  the  por- 
tions of  the  earth  which  bulge  out  at  the  equator  are 
always  producing  slight  displacements  of  the  efuth's  axis, 
and  these  movements,  combined  with  the  earth's  rotation, 
cause  the  axis  to  move  in  the  following  fashion.  Take 
two  straight  rods,  unite  one  end  of  one  to  one  end  of  the 
other  by  a  loose  joint,  and  connect  the  other  ends  by  a 
bit  of  string ;  then  hold  one  rod  perpendicular  to  tbe  plane 
of  the  ecliptic,  and  move  the  other  round,  kteping  the  tiring 
alwoj/t  tight ;  the  extremity  of  the  second  rod  will  deecrlM 
a  circle  in  space,  and  the  motion  of  the  rod  itself  will  re- 
semble in  everything  except  speed  the  precession  of  the 
earth's  axis,  ^futation  oonsiets  in  small  aeviationa  first  to 
one  side  and  then  tA  the  other  from  the  position  which  the 
axis  would  have  if  precession  alone  existed.  It  may  be 
represented  by  supposing  that  the  string  in  our  illustration 
is  slightly  elastic,  and  keeps  alternately  lengthening  and 
shortening  itself  a  little.  Under  these  circumstances,  the 
path  of  the  end  of  the  movable  rod  will  be  like  the  edge 
of  a  disc  with  a  slightly  crimped  or  wavy  outline,  and 
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this  is  the  charactoF  ot  the  path  aotnaUy  dmcribed  b; 
the  eztremily  of  the  earth's  axis  in  space.  It  is  invpiotant 
to  note  that  these  moTements  are  due  entirely  to  the 
spheroidal  shape  of  the  earth,  and  vould  not  exist  if  it 
were  a  true  sphere.  la  Fig,  136,  Ut  A  £  C  J)  "be  &  sec- 
tion of  the  ewth  through  its  axis,  AS  C Fa  cirde  vhose 
diameter  is  ths  polar  axis ;  then,  if  we  were  to  take  away 
the  protuberant  portions  of  which  A  B  C£,  A  D  CF  are 
sections,  there  would  be  no  precession ;  if  we  were  to  take 
awar  the  sphere  A  E  C  F  the  precession  would  be  very 
mudL  larger  than  it  actually  is,  because  the  sphere 
A  EC  F,  l>eing  ri^dly  attached  to  the  protuberances,  has 


Fig.  136. 

to  be  carried  round  with  them,  and  acts  as  a  drag,  prevent- 
ing them  from  moving  as  faet  as  they  would  if  they  were 
not  thus  weighted.  Now  suppose  that  a  portion,  G  H  K L, 
of  thecentr^  Kphore  ia  replucod  by  a  maBs  of  perfect  liuid, 
the  action  of  the  sun  and  moon  will  not  produce  any  pre- 
cessional  movement  on  this  fluid,  and,  as  there  will  be'  no 
friction  between  it  and  the  external  shell,  tlie  latter  will 
slip  freely  over  it.  Under  these  circumetauces  it  seems 
likely  that  the  amount  of  precession  would  be  larger  than 
for  an  earth  sohd  throughout.  Now  the  amount  of  pre- 
cession calculated  on  the  hypothesis  that  the  earth  is  solid 
agrees  very  closely  with  the  observed  amount,  and  Mr. 
Hopkins  set  himself    to  work  to   ilotermine  how  much 
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of  the  interior  oonld  become  fluid  without  impurin^  this 
agreement.  On  the  euppositioii  that  the  fiuitUty  wot  perftet, 
and  th»  change  from  tht^fiuid  to  the  tolidpart  airupt,  he  foimd 
that  the  thiclmeBs  of  the  criLat  could  not  he  leea  than  one- 
fourth  or  ono-fifth  of  the  radius.* 

.Afgnaifliit  from  Bigidity. — The  eubjeot  may  also  be 
appiaached  in  another  way.  The  attractions  of  the  sun 
and  moon  are  greater  on  those  parts  of  Uie  earth  that  are 
nearer  to  them  than  on  those  which  are  farther  off;  the 
solid  part  of  the  earth  is  for  tills  reason  subjected  to  un- 
equal pull,  which  keeps  it  in  a  oonstant  state  of  strain.  The 
same  attractions  will  also  tend  to  make  the  internal  fluid 
portion  bulge  out  on  the  side  nearest  the  attracting  body, 
and  exert  apresBure  on  the  external  shell  tending  to  stretch 
the  latter.  Wemaytn' to  determine  what  is  the  least  thick- 
ness which  will  enable  the  crust  of  the  earth  to  bear  this 
strain  and  thrust,  and  prevent  its  being  dragged  or  forced 
out  of  shape.  This  problem  has  been  attacked  by  Sir  W. 
Thomson,  t 

He  supposes  the  earth  to  consist  of  a  spheroidal,  homo- 
geneous, slight^  elastic  shell,  filled  with  inamprtttiiU  fluid, 
Uie  transition  m)m  the  solid  to  the  fluid  portions  being 
abrupt ;  and  on  this  hypotheeis  he  has  calculated  ta  what 
extent  the  ehell  would  be  pulled  out  by  the  disturbing 
actions  of  the  sun  and  moon. 

It  is  not  likely  that  the  amount  of  distortion  would  be 
lai^  enough  to  be  capable  of  detection  by  diiect  measure- 
ment, but  it  might  make  (taelf  sensible  by  its  effect  on  the 
tides.  If  the  crust  is  drawn  up  in  the  same  direction  as  the 
water — that  is,  if  there  are  tides  in  the  solid  part  of  the  earth 
as  well  as  in  the  ocean — the  height  of  the  tide  can  be  shown 
to  be  less  than  if  the  earth  were  perfectly  rigid ;  so  that  if 
we  knew  what  would  be  the  height  of  the  tide  on  the  latter 
supposition  at  a  given  epot,  and  find  the  observed  height 
lo  be  less  than  this,  we  have  a  measure  of  the  extent  to 
which  the  solid  part  of  the  earth  has  been  pulled  out  by  the 
tide-generating  influence.  Now  Sir  W.  Thomson  showed 
that,  oven  if  the  spheroid  were  solid  throughout  and  as 
rigid  as  glass,  it  would  still  give  way  to  an  extent,  which 

■  Fliil.Tni]SBcL,IS39,p.S81;  Britiah  AsxKution,  lSfi7, Tran«- 

1S40,  p.   103;    I84:e,  p.  43;  Be-  act.  of  Soctiuiis,  p.  70. 

Ct    lo   Britinh  Association   on  t  Phil.  Tmiisacl.,  oliii.  (1S63), 

vBtioD<uid£«rtbqiuke*,1817i  S73;   NatutKl  Philoaophy,  aecii. 

pp.lS— 6S;    TianKacL  or  Ciuii-  B32— Sit,  817,  818;   aatar«,  v. 

bridge  PhU.  Soc,  voL  vL  put  i. ;  313,  261. 
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would  make  tbe  tides  only  about  two-fiftbs  aa  great  aa  they 
would  be  if  the  earth  were  perfectly  rigid ;  if  the  rigidity 
were  that  of  steel,  the  correflponding  reduotioD  would  be  to 
about  two-thirds.  He  concludes  that  a  thin  cruet  ooutd  not 
possess  the  requisite  amount  of  rigidity,  and  puta  down  the 
minimum  thickness  that  would  suffice  to  recast  the  distorting 
influence  at  2,000  or  2,500  miles.  But  he  goes  on  to  say 
that  the  distribution  of  land  and  water  alters  the  effects  of 
the  diurnal  and  semi-diurnal  tides  to  an  extent  which  no 
mathematical  analysis  can  estimate,  and  that  we  cannot 
therefore  use  any  deviations  which  they  show  from  their 
calculated  amount  as  measures  of  the  earth's  want  of  ri- 
gidity ;  at  the  same  time  he  thinks  it  veiy  unlikely  that  these 
terrestrial  disturbing  causes  can  reduce  these  tides  to  two- 
fifths  or  two-thirds  of  the  height  they  ought  to  have  if  the 
earth  were  perfectiy  rigid.  He  thinks,  however,  that  the 
amount  of  the  lunar  fortnightly  and  of  (he  semi-annual  tide 
would  not  be  affected  to  the  same  aitent  by  the  configura- 
tion of  land  and  sea  if  observations  of  them  were  made  at 
suitable  points,  and  that  th^  might  be  employed  for  the 
puipose  of  comparing  the  calculated  and  otoerved  results. 
Unluckily,  however,  no  sufficient  observations  of  these  tides 
have  yet  been  made.  It  would  seem  then  that,  even  if 
the  assumptions  by  which  Sir  W,  Thomson  was  enabled  to 
deduce  his  results  are  justifiable,  the  observations  nocee- 
saiy  for  applying  these  results  to  the  actual  case  of  the 
earth  are  just  those  which  have  not  been  made ;  and  that 
till  this  defect  is  remeilied,  no  conclusions  can  be  arrived  at. 
Sir  W.  Thomson  has  also  investigated  the  effact  of  waat 
of  ri^dity  on  the  amount  of  procession  and  nutation.  The 
observed  amount  agrees  very  closely  with  that  obtained 
by  calculation  on  the  hypothesis  that  the  earth  is  perfectiy 
rigid.  Any  considerable  want  of  rigidity  would  veiy  mate- 
rially alter  the  amount  in  most  cases.  But  there  are  three 
arrangements  under  which  the  precession  of  an  earth  with 
a  yielding  crust  would  be  approximately  the  same  as  for 
perfect  rigidity.  The  first  requires  a  compensating  edjust- 
mont  so  very  unlikely  to  be  realised,  that  we  may  diraniss 
it  at  once;  the  second  is  incompatible  with  a  tMn  crust; 
the  third  is,  that  the  distortion  should  be  veiy  small  in 
oomparison  with  what  it  would  be  if  the  earth  were  fluid 
without.  Now  we  will  attempt  to  show  by-and-by  that  if 
the  transition  from  the  solid  to  the  fi.uid  part  of  the  earth  is 
OTadual  and  not  sudden,  this  last  condition  may  be  satisfied 
This  argument  from  preoesdoQ,  then,  is  not  oonclusive. 
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Olgectioiu  to  tha  pracsdiiig  Argximcuts. — ^Masterly 
aa  are  the  inveBti^tiona  just  described  from  a  mathe- 
matical point  of  view,  it  is  to  be  feared  that  they  have 
not  contnbuted  much  towards  the  settlement  of  the  ques- 
tiuQ.  they  vere  intended  to  decide.  Some  of  the  conditiona 
they  start  with  are  so  totally  ditferent  from  tJiose  of  the 
actual  case,  that  it  is  veiy  queetionable  whether  they  can  be 
fairly  applied  to  the  instance  of  the  earth. 

It  cannot  be  supposed  that  Mr.  HopkiQs'a  fnndameatal 
assumption  of  a  solid  crust  Beparated  by  a,  hard-and-fast 
boundaiy  from  a  perfectly  fluid  interior  represents  ev«n 
approximately  the  internal  condition  of  the  earth.  Tho 
transition  from  one  to  the  other  must  be  extremely  gradual, 
the  interior  portion  of  the  crust  will  grow  more  and  more 
soft  till  it  passes  into  a  pasty  viscous  state,  and  this  sticky 
matter  will  become  more  and  more  fluid  as  we  approach  the 
centre,  and  may  possibly  at  considerable  doptl^  approach 
perfect  fluidity.  Profeesor  Hennessy*  and  M.  Delaunayf 
have  both  expressed  their  opinion  that  the  results  deduced 
by  Ur.  Hopkms  are  for  this  reason  not  applicable  to  the 
case  of  the  earth,  and  the  fonner  has  raised  lurtber  objec- 
tions to  his  method.  Mr.  Hopkins  himself  did  not  by  any 
means  overlook  this  want  of  agreement  between  the  actual 
and  asBumed  conditions,  and  endeavoured  to  show  that  in 

ite  of  it  his  conclusions  would  hold  good.     He  says  that 

C  be  the  centre,  C  8  any  radius  of  the  earth,  A  a  point 
on  that  radius  above  which  the  earth  is  solid,  3  a  point 
below  which  all  is  fluid,  and  A  3  the  intermediate  transi- 
tional portion,  then  if  we  take  iS  .^  to  be  the  thickness  of 
the  crust  it  will  give  the  precession  too  lai^,  and  i£  S  S, 
too  small ;  but  there  will  be  some  intermediate  thickness 
which  will  give  the  right  amount,  and  this  he  calls  the 
Efl^ective  Thickness  of  the  crust.  It  is  the  depth  of  this 
Effective  Thickness  which  he  has  shown  cannot  be  lees  than 
1,000  miles.  All,  then,  which  he  has  proved  amounts  to 
this,  a  shell  of  at  least  1,000  miles  thick  must  ^tarticipate  in 
the  precessioual  motion.  But  this  is  a  very  different  thing 
from  saying  that  the  whole  1,000  miles  must  be  aohd: 
possibly  on^  a,  very  email  portion  might  be  in  this  condi- 
tion and  the  rest  in  a  more  or  less  viscous  state,  and  yet  the 
whole  be  carried  round  very  nearly  as  if  it  were  all  solid, 
because  the  friction  between  the  particles  of  the  pasty  part 

•  Phil.  Trannct.,  exll.  (18S1),  t  Comptea  Rendu*   (July   13, 

4d3;G«oI.  Uag.,  viii.  216;  Ns-  1A6S],  Uvu.  SS;  GeoL  Mag.,  v. 
tiue,  iv.  Ui.  m. 
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prevented  them  being  dragged  one  over  the  other.  Different 
parts  of  the  vieoous  mass  would  be  from  time  to  time  com- 
pressed and  extended,  but  it  seems  perfectly  conceivable 
that  for  all  practical  purposee  the  solid  aod  semi-fiuid 
portions  of  the  crust  might  nang  together  as  a  wbole- 

The  conclueioDs  of  Sir  W.  Thomson  aa  to  the  Bigidityof 
the  Earth  have  alao  been  attacked  by  Profesaor  HennesBy.* 
He  has  pointed  out  how  seriously  the  hypothetical  dilfer 
from  the  real  oonditione  of  the  problem,  and  specially  how 
the  neglect  of  the  pasty  shell  that  must  exist  between  the 
solid  crust  and  the  more  fluid  interior  impairs  the  validity 
of  the  results.  This  pulpy  stuff  would  act  as  a  pad  or 
buffer,  and  the  work  done  by  the  disturbing  action  of  the 
Bun  and  moon  on  the  internal  portions  of  the  earth,  instead 
of  being  transmitted  to  the  surface  and  altering  its  shape, 
would  be  used  up  "  partly  in  producing  small  variatioos  of 
density  among  the  compressible  strata  of  the  nucleus,  and 
partly  in  changing  the  shape  of  the  yielding  matter  of  the 
inner  surface  of  the  shell."  By  this  means  the  deformation 
of  the  shell  might  be  very  small  indeed,  and  the  amount  of 
precession  the  same  as  if  the  earth  were  solid  throughout 
and  perfectly  rigid.  Practically  the  observed  amount  of 
precession  is  rather  less  than  it  would  be  if  the  earth  were 
perfectly  rigid ;  some  small  distortion  of  the  crust  is  pro- 
bably therefore  produced,  and  this  we  may  take  as  the 
measure  of  that  portion  of  the  interior  work  which  has 
managed  to  penetrate  the  buffer  and  make  itself  felt  in  the 
solid  crust.  A  calculation  made  by  Archdeacon  Pratt  fur- 
nishes an  iUuetration  of  Frofeesor  Hennessy's  objection.* 
Starting  with  Mr.  Hopkins's  assumptions  about  the  iuterior 
of  the  earth,  he  shows  that  the  internal  fluid  nucleus  will 
be  pulled  by  the  attraction  of  the  siu  and  moon,  and  will 
exert  a  pressure  against  the  crust  which  tends  to  increase 
the  precession ;  and  that  the  effect  of  the  want  of  rigidity 
in  the  GTust  will  (end  to  decrease  the  precession.  He  then 
determines  to  what  extent  the  surface  must  be  elevated 
in  order  that  these  two  modi^'ing  causes  may  destroy  one 
another,  if  the  crust  be  800  miles  thick,  and  this  he  finds 
to  be  20  feet.  A  deformation  of  one-seventh  of  this  amount 
would  altogether  abolish  tides  in  the  open  ocean,  and  hence 
he  concludes  that  the  crust  must  be  far  thicker  than  600 
miles.  Now  if  the  internal  fluid  mass,  instead  of  pressing 
against  an  unyielding  crust,  had  a  soft  pad  of  semi-duid 
matter  to  bury  its  nose  in,  we  can  readily  imagine  its  energy 

■  Katuie,  V.  288.  +  Figure  of  the  Earth,  1th  ed.,  p.  13o. 
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miglit  be  oonsumed  in  pushing  this  aside,  and  no  presgnre 
might  be  exerted  on  the  crust ;  and  if  the  cniBt,  instead  of 
being  solid  throog^hout,  had  a  yielding  lining,  the  work  due 
to  the  external  disturbing  force  might  be  expended  on  the 
lining,  and  give  rise  to  no  change  in  the  shape  of  the 
BUrface.  In  such  a  case,  as  far  as  the  causea  mentioned 
are  concerned,  the  precesBion  would  be  unaffected. 

Profassor  H«niiess7'«  Viowa. — Frofessor  Henneesy 
has  attempted,  in  his  paper  in  the  Phiktaphieal  IVantaetiotu 
already  quoted,  a  mathematical  solution  of  the  question 
now  before  as.  It  ie  impossible  to  couvey  any  aaequate 
notion  of  his  way  of  handling  the  subject  witiiout  more 
mathematicB  than  are  admissible  here,  but  the  following 
are  his  chief  points : — 

Heobjects  at  starting  that  all  previous  inTestigations  had 
tacitly  made  an  assumption  that  cannot  be  justified,  namely, 
that  the  volume  of  the  entire  mass  and  the  law  of  density 
of  the  earth  have  remained  the  same,  or,  in  other  words. 
that  the  particles  of  the  original  fluid  mass  underwent  no 
change  of  position,  during  l£e  process  of  solidification. 

He  then  considers  what  would  be  the  order  of  events 
during  solidification.  First,  he  thinks  there  woold  be  much 
chemical  action.  When  the  chemical  affinities  of  the  mate- 
rials had  been  satisfied,  the  mass  would  probably  be  in  a 
state  approaching  perfect  fluidity,  and  circiilation  would  go 
on,  the  portions  that  had  grown  denser  by  cooling  descend- 
ing ana  the  hghter  portions  ascending,  till  the  whole  had 
arranged  itself  in  concentric  shells  whose  density  increased 
from  the  euiface  to  the  centre.  When  this  state  had 
been  arrived  at  be  thinks  a  surface  crust  would  begin 
to  be  formed.  Of  course,  when  any  piece  on  the  outside 
had  become  solid,  it  would  on  account  of  its  increased 
density  tend  to  sink,  but  the  three  following  causes  would 
hinder  its  descent : — 

1st.  Each  stratum  into  which  it  descended  would  be 
denser  than  the  one  above. 

2nd.  Each  stratum  would  have  its  density  increased  by 
the  passage  through  it  of  cooler  portions  from  above. 

3ni.  The  descending  portions  would  have  their  densities 
diminished  by  the  increase  in  the  temperature  downwards. 

Under  these  circumstances  he  thinks  that,  though  drou- 
lation  would  go  on.  It  would  be  confined  to  the  neighbour- 
hood of  the  surface,  and  a  crust  might  be  formed  ;  below 
the  crust  would  be  a  shell  of  imperfectly  fluid  matter,  anil 
the  interior  might  retaia  a  high  degree  of  fluidity.    He 


)  by  Google 


500  OEOLOOT. 

belieree  that,  even  if  tram  any  cause  the  solid  ah^  and 
fluid  nucleus  rotated  at  any  time  at  different  nitee,  yet  that 
the  friction  between  the  two  must  be  great  enough  to  bring 
the  motion  of  both  to  the  same  velodty  of  rotation.  Finally 
he  endeavouiB  to  determine  the  present  thicknesB  of  the 
cruat  thus.  He  obtains  an  expression  for  gravity  at  the 
surface  in  terms  of  the  radiua  and  elliptidty  of  tiie  fluid 
nucleus ;  and  finds  that  if  this  expression  is  to  agree  with 
the  known  law  of  the  variation  of  gravity  over  the  earth,  the 
crust  cannot  be  less  than  18  nor  more  than  600  milee  thick. 
Profesflor  Hennessj  is  also  of  opinion  that  it  is  impoaaible 
that  consolidation  can  have  begun  at  the  centre,  and  that, 
even  supposing  any  accumulation  of  eolid  matter  there  ever 
did  take  place,  it  must  necessarily  be  melted  again. 

Ur.  £.  Uallet  has  arrived  at  the  same  conclusion  by  a 
different  line  of  reasoning  ;*  his  views  will  be  given  more 
at  length  in  Section  m. 

We  cannot  enter  here  any  farther  iuto  the  questdoo,  but 
for  additional  diacusaiou  of  these  moot  points  the  reader 
may  consult  Professor  Hennessy,  London,  Edinburgh,  and 
Dubhn  PhiL  Mag.,  3rd  ser.,  xxvii.  376  (1845);  Joum. 
Geol.  Soc.  of  Dublin,  1849 ;  Proc.  Eoyal  Irish  Acad.,  iv. 
337  ;  Archdeacon  Pratt,  Figure  of  the  Earth,  Nature,  ii. 
264,  iv.  28,  141,  344 ;  QeoL  Mag.,  vii.  421 ;  Nature,  iv.  45, 
182,  383 ;  ProfeaBor  Haughton,  Transact  Irish  Acad., 
xxii.  pt.  1,  p.  251  ;  D.  Forbes,  GeoL  Mag.,  viii.  162;  P. 
8cn>pe,  Qeol.  Ma^.,  vi.  145  ;  D'Archiao,  Histoire  des  Pro- 
gree  de  la  Qeologie,  i.  -,  Thomson  and  Tait,  Natural  Philo- 
sophy, Appendix  D. ;  Major-Gen.  Barnard,  Smithsonian 
Contributions,  vol.  xix.  No.  240. 

The  only  conclusion,  if  we  con  call  it  a  conclueion,  that  it 
is  safe  to  come  to  in  the  present  state  of  our  knowledge  is, 
that  it  is  highly  probable  that  the  earth  has  cooled  down 
from  a  state  of  igneous  fusion,  but  that  there  is  not  evi- 
dence to  decide  miether  an^  of  it,  and,  ii  any,  how  much  of 
it,  stiU  retains  its  original  uquidity. 

Chemistxy  of  the  Early  History  of  the  Swrtli. — 
Some  speculators  have  attempted  to  push  their  way  bock  to 
periods  of  the  earth's  history  even  more  remote  than  those 
we  have  been  noticing.  Beginning  with  the  time  when, 
owing  to  the  intense  heat,  the  chemical  elements  of  the 
materials  of  the  earth  existed  in  an  uncombined  state,  they 
have  tried  to  trace  out  the  steps  of  the  process  by  which 
their  combination  was  brought  about,  and  the  first  rude 
■  Phil.  TmiMct.,  clxiii.  (1B73},  160. 
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outline  of  a  solid  ^lobo  fraa  shaped  out.  Tlie  conclnBionB 
come  to  by  difiereut  authors  on  this  eubieot  have  hitherto 
boon  so  utterly  at  variance  with  one  another,  that  it  almost 
looks  as  if  the  time  had  not  yet  arrived  when  we  can  profit- 
ably indul^  in  speoulationB  of  this  nature.*  Some  specu- 
lations  of  Mr.  Lockyer'a,  of  a  more  promising  character, 
will  be  noticed  further  OS. 

BECTION  n.— CACaS  OF  nPHEATAL  AKD  OOMTOETION. 

We  have  seea  reason  to  believe  that  the  uplifting  of 
rooks  laid  down  b^ieath  water,  by  which  eea-bottoms  have 
been  converted  into  dry  land,  and  the  tilting,  folding,  oon- 
tottion,  and  faulting,  which  observation  ehows  these  rocks 
to  have  undergone,  are  all  due  to  some  common  cause.  We 
have  now  to  mquire  how  the  force  was  generated  which 
produced  these  movements.  Beasons  have  already  been 
given  for  believing  that  the  disturbing  force  was,  m  very 
many  cases  at  least,  of  the  nature  of  a  horneiUai  thntri. 
The  j^enomena  of  widespread  and  excessive  oontortion 
can  be  ez|dained  only  on  uiis  supposition,  and  the  lessor 
disturbances  are  so  intimately  oonneoted  with  these  grand 
movementa,  that  k  seems  likely  that  both  must  be  due  to 
the  same  cause. 

Certain,  hoverer,  tA  the  observed  displacements,  takrai 
by  themselves,  are  capable  of  explanation  on  the  supposi- 
tion that  thev  were  caused  t^  a  force  acting  from  toMin  the 
tarth  vtrticaUy  vptoardt;  and,  thoUffh  it  is  extremely  doubt- 
ful, for  reastms  already  given,  whether  this  metiiod  has 
been  ever  employed  in  nature,  it  is  only  fair  that  the  readw 
should  be  pat  in  posseesicni  of  the  theories  whidi  have  been 
started  to  show  how  this  vertical  up-thrust  may  be  caused. 

BoiUM  In  whioh  El«v«tloit  la  wimL — ^It  is  somewhat 
unlucky  tiiat  the  words  "upheaval"  and  "elevation" 
should  have  become  so  thoroughly  rooted  in  geoli^cal 
nomenclature  in  reference  to  the  movement  of  the  earth's 
surface,  that  it  is  now  scarcely  possible  to  drop  them.  The 
first  is  decidedly  objectionable,  for  it  distinctly  implies  that 
the  producing  cause  was  a  force  acting  vertitklly  upwards, 
whi^  it  certainly  was  not  in  some  cases,  and  perhaps  was 
in  none.  If  ever  we  employ  these  terms,  it  must  be  under- 
stood that  we  use  them  simply  to  indicate  the  carrying  up 

•  Da  1b  Becha,  BsMuches  in  Soc,  zv.  488;  Oeol.  Hag.,  iv. 
Tbeoretic&l  OKlr«r,  cliap.  i;  S67,  418,  477,  BiS,  v.  4S,  106! 
Sterrr  Hunt,  UnuL  Joom.  QeoL     David  Fwbet,  ibid.,  r.  SZ,  IM. 
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of  rocks  from  a  lower  to  a  hlKher  lerel,  and  not  in  tlie  least 
to  suggest  the  direction  in  wnioh.  the  force  acted  by  wlucb 
the  morement  was  eSect«d. 

Gatwntl  Gtrttctnra  of  ifMiw».«i«  Cbainm. — Before 
we  go  any  further,  it  will  be  desirable  that  the  reader's 
ideas  should  be  clear  on  two  points :  first,  what  the 
arrangement  of  the  rocks  in  a  mountain  chain*  is  not  like ; 
and  secondly,  what  it  is  like.  In  many  books  he  will  find 
the  general  section  of  a  mountain  duin  to  be  such  aa  is 
shown  in  Fig.  137. 

We  see  in  the  section  a  central  nucleus  of  Oranite,  and 
from  this  the  rocks  dip  away  on  either  side  in  the  same 
direction  as  the  slope  of  the  gronnd.  The  sketch  nves  the 
idea  that  the  Oranite  has  been  driven  up  from  below,  and 
has  thrust  aside  the  rocks  on  either  fiank.  There  is  no 
mountain  c^iain  known  which  has  a  sectioa  at  all  approadi- 
ing  this.  The  section  in  Fig.  138,  though  it  foils  to  oonrey 
any  adequate  notitm  of  the  amount  of  crumpling,  inver- 


Fig.  I3T> — Wbii  a  SicnoH  acsos*  a  Mounvain  Chaix 


fuos,  and  smashing  that  is  very  frequently  met  with,  gives 
a  much  fairer  general  idea  of  ^e  disposition  of  the  rocks. 

The  strata  have  not  been  simply  Dent  up  into  a  tinglt 
boss,  but  have  been  folded,  crumpled,  and  draped  over 
along  a  number  of  linM  ranging  roughly  paraJlei  to  one 
ano&er;  and  in  many  cases  so  far  from  the  dip  being 
outtoardt  on  either  side  of  the  range,  it  is  directly  in  the 
opposite  direction,  the  rot^  plunge  at  high  angles  on  both 
fianks  imio  the  hill,  and  a  section  of  them  shows  something 
like  the  plaits  of  an  open  fan,  the  handle  of  which  liee  deep 
down  in  the  centre  of  the  mountain.  Granite  appears  in 
several  belts,  but  these  show  no  eigoa  of  having  been 
thrust  up  through  the  surrounding  rocks.  On  the  contrary, 
the  rock  shades  off  insensibly  into  foliated  schists,  and  these 
melt  away  in  unaltered  rocks. 

Kr.  EopkiiM's  Thoorj.—We  have  already  mentioned 
tfr.  Hopkins  as  one  of  the  ablest  supporters  of  the  vertical- 

*  Using  tha  t«ini  in  the  restricted  sense  applied  to  it  in  the  pre. 
oeding  chapter. 
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^thmat  explanation. 
The  machinery  he  em- 

Sloyed  for  producing 
le  eleratory  force 
was  a  body  of  fluid 
matter  like  lava,  in  a 
cavity  below  the  Bur- 
face,  which  imder  the 

influence  of  increasing  & 

heat,  gave  off  elastic  g 

gas,  and  the  pressure  ^ 

of  thta  gas  was  anp-  3 

posed  to  bend  up  the  | 

overlying  rock  till  it  s 

was    strained  to  the  * 

breaking  point.  There  _ 

is  very  little  evidence  I 

for  the  existence  of  ^ 

the  internal  lakes  of  ■ 

fused,      gas -yielding  g 

matter    required    by  §■ 

this  theory,  but,  waiv-  * 

ing  this  objection,  we  g 

have  aheady  pointed  g 

out  That  Beems  to  be  * 

its    weak    points    in  B 

Chapter  IX.  p.    380.  | 

Mr.  Hopkins's  know-  3 

ledge  ed  ihe  faot«  he  ,  S 

attempted  to  explain  j  ^ 

seems  to  have  oeen  3 

very  imperfect.     He  § 

epeaks,  for  instance,  o 

of  anticlinal  and  syn-  I 

clinal  lines  occurring  « 

with    attemations   (^  ^ 

rapid    and    opposite  E 

dips  at  inttrvaii  lut 
gxettding  a  fm  mVIm. 
If  he  had  said  every 
hundred  yards  or  so, 
it  would  have  con- 
veyed a  far  more  cor- 
rect notion  of  the 
real   facts    in   many 


)  by  Google 


504  OEOLOOT. 

cases.  His  conviction,  too,  that  all  narrow,  ateap-dded 
TfJleys  wero  rente  in  the  crust,  led  him  aadly  astray.  Hin 
beautiful  mathematical  investigations  have,  on  aocount  of 
his  limited  geological  knowledge,  not  led  at  present  to  any 
useful  results ;  out  they  may  yet  bear  good  fruit,  and 
geologists  will  probably  some  day  thank  hjm  for  the  atten- 
tion he  has  given  to  the  subject. 

Thsory  of  Borope  and  Bab1»|[fl. — Next  ccmes  a  very 
ingenious  speculation,  originally  suggested  by  Scrope,*  and 
afterwards  struck  out  independently  by  Babhage.f  By 
the  deposition  of  sediment  on  sea-bottoms  an  area,  which 
before  the  deposition  began  formed  part  of  the  earth's 
surface  and  had  the  temperature  of  the  surface,  is  gradu* 
ally  buried  under  a  cover,  constantly  increasing  in  thick- 
ness, which  checks  the  escape  of  die  heat  from  within. 
The  temperature  of  the  rocks  of  this  area  will  therefore  be 
raised,  and  the  rocks  themselves  must  expand.  The 
resistance  to  expansion  will  be  less  in  a  vertical  than  in 
a  horizontal  direction,  and  hence  the  area  will  bul^  up 
and  cause  elevation  of  the  rocks  resting  uptm  it.  It  is 
evid^it  that  this  explanation  accounts  only  for  vertical  ele- 
vation, and  makes  no  provision  for  contcolion  or  any  form 
of  compression ;  in  fact  the  elevations  produced  by  it  would 
be  boBsea,  the  strata  of  which  would  be  arranged  in  con- 
centric domes,  like  that  in  Fig.  137,  which,  as  we  have 
pointed  out,  is  a  atructnre  found  in  no  mountain  chain  yet 
examined.  Even  then  supposing  some  small  local  elevations 
may  be  due  to  this  cause,  it  is  quite  inadequate  to  produce 
the  larger  disturbances  which  the  crust  exhibits. 

There  is  another  weak  point  about  the  theory.  During 
the  accumulation  of  many  thick  bodies  of  sedimentary 
rocks,  the  sea-bottom  was  gradually  sinking.  It  makes 
no  provision  for  this.  It  may  explain  vertical  uplifting, 
but  does  not  allow  of  subsidence  during  deposition. 

ThaoTf  of  Sir  J.  Eomohel. — Sir  J.  Herschel}  threw 
out  the  hint  that  the  mere  weight  of  a  thick  mass  of  sedi- 
ment might  cause  the  part  of  me  crust  on  which  it  rested 
to  bend  down,  and  the  portions  on  either  side  t«  swell  up. 
This  would  require  the  crust  to  be  remarkably  thin  and 

'  Tok«iioa*,p.  27I,not«.  Fliher,  GeoL  Tt*g^  x.  S48,  xL 

t  Proc«ediiin  Ueol.  Soo ,  tL  60,  M. 

74 ;  ITinlh  Briagewster  TrMtiw,  {  Prooeedinn  GteoL    Soc,  ii. 

KoteG,p.209.   See  aba  Ctptein  S18,    fi»;     Kinth   Bridge»al«r 

^...._    .,...   ....     _    —     ,  ■"- "     N<HeI,p,22S. 
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jdeldisg,  and  till  this  is  shown  to  be  th«  case  the  ezplana-  - 
tion  cannot  be  admitted. 

Zutnudon  of  Onuit*. — ^Another  explanation  of  the 
cause  of  the  elevation  of  mountain  chains,  at  one  time  very 
much  in  vogue  among  geologiiate,  and  adopted  by  Mr. 
Bcrope,  is  as  follows.* 

In  a  Ttry  lar^e  number  of  cases  a  mountain  range  has  a 
central  axis  at  Qranite  or  seme  Plutonic  rock.  This 
central  mass  was  supposed  to  have  been  fombl;  intruded 
in  a  semi-fluid  state  trom  below,  and  to  have  Mouldered 
off  on  either  side  the  rocks  through  which  it  forced  its  way. 
The  intruaive  matter  was  supposed  to  have  been  driven  up 
by  local  increase  of  heat,  which  caused  it  to  expand  till  the 
rocks  above  were  no  longer  able  to  hold  it  down.  Follow- 
ing the  views  put  forward  hy  himself  and  Mr.  Bahbage, 
Kr.  Scrope  accounts  for  the  acotimulation  of  heat  by  tiie 
deposition  of  a  thick  mass  of  strata  above  the  spot  whore 
it  occurred.  It  is  clear  that  this  process  would  give  rue  to 
tilting,  and  result  in  the  formation  of  a  ridge  mtm  which 
the  beils  would  dip  away  on  either  side,  asin  Fig.  187, 
hut  it  would  not  directly  produce  contortion.  Mr.  Scrc^ 
endeavours  to  show  that  lateral  pressure  would  result 
indirectly  in  two  ways:  first,  the  molten  matter  injected 
into  fissures  would,  if  urged  up  with  sufficient  force,  presA 
laterally  against  the  walls ;  ana  secondly,  he  thinks  it  pos- 
uble  that  portions  of  the  rocks,  which  were  shoved  aside 
by  the  intruded  mass,  might  elide  down  its  inclined  flanks, 
and  get  crumpled  up  in  the  motion.  In  the  first  case  the 
cause  seems  scarcely  suffici^it  to  do  the  work  assigned  to  it. 
^e  sort  of  motion  required  in  the  second  case  seems  hardly 
likely  to  occur. 

This  theory,  too,  foils  to  account  for  the  violent  contortions 
which  not  unifrequently  are  met  with  far  away  from  any 
mass  of  Plutonic  rock.  Further,  there  is  good  reason  to 
believe  that  the  Gbanitio  axes  of  mountain  chains  are  not 
intrusive  rocks  at  all,  but  simply  portions  of  the  very  rocks 
that  compose  the  flanks  of  the  range  oonvcoted  by  intense 
metamorphism  into  Granite. 

These  and  other  explanations,  which  we  have  not  room 
epedallr  to  notice  here,  all  fail  to  provide  us  with  the  hori- 
zontal tlirust,  which  alone  seems  competent  to  produce  con- 
tortion. We  now  pass  to  the  only  hypothesis  whidi  is 
satisfactory  on  this  point,  and  is  capable  of  giving  rise  at 
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the  same  time  to  vertical  upheaval  and  horizontal  oompres- 
Bion. 

Contrscfcion  Tltsory. — The  oontenta  of  the  last  flection 
eei'm  to  ehow  that  at  present  ■we  have  not  knowledge  enough 
to  enable  ua  to  form  a  positive  opinion  on  the  questions, 
whether  any  part  of  the  earth  ia  fluid,  and,  if  so,  vhat  is 
the  thickness  of  the  soUd  crust. 

One  point,  however,  has  been  established — the  interior 
of  the  earth  is  hotter  than  the  outside  ;  and  since  it  is  very 
highly  probable  that  the  whole  earth  was  once  much  mors 
int<»nsel7  heated  than  now,  and  that  the  present  internal 
heat  ia  only  what  is  left  of  the  original  temperature,  we 
arrive  at  a  further  fact,  which  has  an  important  bearing  on 
the  questions  to  be  discussed  in  this  section,  namely,  that 
the  earth  always  has  been  and  still  ia  a  cooling  globe,  and, 
if  a  cooling  ^lobe,  it  must  also  be  a  emttracting  globe,  if  the 
materials  of  its  interior  are  at  all  analogous  to  those  which 
form  ita  surface. 

Further,  it  is  almost  imiveraally  true  that  the  amount  of 
shrinking  produced  by  the  loss  of  a  given  degree  of  heat 
(the  eoeffiticnt  of  contraction),  is  larger  when  the  body  is 
at  a  high  than  when  at  a  low  temperature.  Thus  if  a  rod 
shortened  by  1-lOOth  of  an  inch  when  it  passed  from  212° 
to  211°,  it  would  not  shorten  so  much,  say  only  l-300th, 
when  ita  tomporature  was  reduced  from  90'  to  89".  From 
this  it  follows  that  since  the  interior  of  the  earth — it  matters 
not  whether  it  is  solid  or  fluid — ia  hotter  than  the  outside, 
it  must  shrink  faster  than  the  outside.  Practically  the 
outside  crust  has  so  very  Uttle  heat  to  lose,  that  it  may  be 
said  not  to  shrink  at  alt,  while  the  hotter  nucleus  is  gradu- 
ally drawing  away  from  it.  If  the  crust  were  in  this  way 
left  without  support,  it  must  crush  in  by  its  own  weieht,  and 
the  crushing  force  on  any  portion  in  a  cross  section  of  it 
can  be  shown  to  be  equal  to  the  weight  of  a  column  of  rock 
which  has  that  portion  for  its  base  and  half  the  earth's 
radius  for  its  height.*  Pressure  like  this  ia  far  more  than 
sufficient  to  smash  in  the  most  unyielding  materials  known, 
and  the  cruet  could  not  austain  it  for  a  single  moment. 
It  must  therefore  follow  the  nudeus  down.  The  only 
rwssible  way  in  which  it  can  do  this  is  by  its  being 
crumpled  into  folds.  It  is  as  if  we  were  to  mt^e  a  paper 
ease  that  would  just  hold  an  orange  of  a  certain  aize,  and 
then  try  to  m^ke  it  fit  closely  over  a  smaller  orange,  we  could 
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evidently  succeed  only  by  crinkling  the  paper.  An  old  dried 
apple  also  fumiBliee  an  excellent  iliustration  of  the  process. 
As  dicing  goes  on  the  fruit  shrinks,  but  the  akia  does  not : 
the  latter  aooordingly,  having  to  aooonunodate  itself  to  the 
diminished  nncleus,  becomes  puckered  into  wrinkles.  Ac- 
cording to  this  theory,  then,  the  normal  state  of  the  earth's 
crust  ought  to  be  a  crumpled  one,  and  so  it  is.  Where  the 
force  acted  with  concentrated  energy  along  certain  lines,  or 
along  lines  of  weakness,  portions  were  ridged  up  into  long 
narrow  prominent  protuberances,  out  of  which  mountain 
chains  were  afterwards  ceired  by  denudation.  Here,  too, 
owing  to  the  intensity  of  the  action,  the  rocks  would  be 
violently  contorted.  We  have  seen  that  excessive  contor- 
tion is  invariably  found  in  lofty  mountain  chains.  Foesibly 
where  the  folding  was  more  gentle,  broad  arches  and  trough^ 
were  produced,  which  gave  rise  to  continents  and  oceanic 
depressions.  We  have  already  shown  that  the  disturbances 
which  the  rocks  of  the  earth's  crust  have  undergone 
have  been  many  if  not  all  of  them  produced  by  forces 
actiDg  in  a  horizontal  direction,  but  we  were  not  then  able 
to  explain  how  the  thrust  was  generated.  We  can  now  see 
that  we  have,  in  the  unequsl  shrinking  of  the  cool  crust 
and  hot  nucleus  of  the  earfli,  a  cause  quite  adequate  to  give 
rise  to  these  horizontal  compressions. 

The  notion  that  the  earth's  contraction  has  been  the 
cause  of  the  displacement  of  the  rocks  and  the  elevations 
of  the  surface  seems  to  have  occurred  first  to  Descartes 
(Ed.  fran^aise,  1668,  p.  322).  It  was  advocated  by  Con- 
stant Frevost*  and  BLie  de  Beaumont.f  but  the  latter, 
unluckily  tacked  on  to  it  an  untenable  hypothesis,  which 
served  rather  to  bring  it  into  disrepute.  It  was  the 
favourite  theory  of  Ue  la  Beche,^  and  is  adopted  bya  large 
number  of  the  geologists  of  the  day.§ 

"RemtaJM  on  tha  OoatraotioB  Thoory. — As  far  as 
mountaiu-building  goes,  no  objection  of  any  weight  has 
been  urged  against  the  contraction  theory.  Sut  when  we 
apply  the  same  explanation  to  the  formation  of  continental 
areas  and  oceanic  depressions,  seveml  difflcultiee  present 

•  BolL  Soc.  Oeol.  de  France,      ReMsrcheB  in   ThooreUeU  0«o- 
xl.  1B3  (1B4D] ;  Comptes  Kandua,       log;,  p.  121. 
xxxi,  (September,  18S0),  461.  i  UaUier,   Billimsn't  Jmunal, 

t  Notice  iiir  1m  Syotimea  da  1st  ler.,  zlix.  26i;  Dbub,  ibid.. 
HontkgiKia  (Paru,  18S2};  Hop-  2ad  mt.,  ii.  3£2,  iii.  04,  ITS,  380, 
IdUti^nivenerjrAddreai,  Qiuit.  iv.  88;  3rd  ler.,  T.42S,  vi.  S,  104, 
Jonm.  OaoI.  6oc.,  toI.  iz.  161. 

t  Geologitsl  ObMrrer,  p.  730 ; 
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tlieiiuelTea.  Ur.  B.  Uallet,  while  be  stronglf  advocates 
the  view  that  mountain  chains  were  formed  dj  the  thrust 
due  to  oontrodion  afUr  the  cnat  had  r*aehtd  a  etrtain  ihiek- 
•MM  Ktd  rigiiiUi,  thmke  that  this  force  is  far  too  local  in  ita 
range  to  oe  able  to  be  transmitted  across  such  vast  areas 
oa  oontinenta  and  oceans.  The  outlines  of  these,  he  be- 
lieves, were  marked  out  by  broader  foldings,  which  gave 
relief  to  the  cniat  td  m  tarlm-  period  of  the  tarth'e  hietoiy, 
whm  tM»  erutt  leat  very  thi».  Troteaaor  Dana  has  also 
attempted  to  explain  on  this  sappositioti  several  facte  in 
the  dtetribniioa  of  the  great  surface  inequalities  of  the 
earth,  such  aa  tlie  proximi^  of  mountain  ranges  to  coast 
lines,  and  the  relation  of  the  height  of  the  range  to  the 
depth  of  the  ocean  facing  it.  Some  of  his  generalisations 
are  perhaps  open  to  question,  but  he  has  suggested  points 
welTwortE  cueful  consideration.* 

Professor  Le  Conte  has  raised  the  further  objection  that 
an  arch  brood  enough  to  form  a  continent  3,000  to  6,000 
miles  across,  or  a  trough  that  would  hold  an  ocean  like  the 
Pacific,  10,000  miles  oroad,  oould  not,  even  if  the  crust 
were  several  hundred  miles  thick,  sustain  itself ;  the  arch 
must  break  down  and  the  depression  break  up.f  This 
objection  hardly  applies,  because  the  crust  does  not  suft- 
tain  itself ;  indeed  no  segment  of  it  could  possibly  stand 
unless  it  were  support^  underneath.  He  prefers  to 
account  for  the  formation  of  continental  and  oceanic  reliefs 
b;  the  hypothesis  that  the  conducting  power  has  been 
greater  along  some  radii  than  along  others.  Borne  portions 
.of  the  earth  would  then  cool  and  contract  faster  than 
others ;  the  first  would  sink  down  into  oceanic  depressions, 
while  the  second  would  be  left  standing  up  as  continental 
tracts.  Archdeacon  Pratt  1  adopts  a  similar  view,  on  the 
ground  that  the  moss  of  t^e  earth  b  found  in  some  cases 
to  be  denser  beneath  the  ocean  than  beneath  the  land,  and 
to  be  least  dense  beneath  great  mountain  chains.  If  the 
facts  adduced  by  Archdeaoon  Frott  turn  out  to  be  generally 
true,  they  are  certainly  in  favour  of  this  view. 

We  may  notice  that  Mr.  £.  Uallet  haa  shown  that  a  defi- 

■  See  hU  papsn  qnoted  on  p.  Cambridg*     RiiL    8oo>,    xil., 

SQ7,  and  bis  H»na*I  of  Gsalovy,  )Mrt  2. 

pp.  e-~t8,  and  731—737.     Alio  -f  Prof,  JsmM  Le  Conte,  Silli- 

BiBr.  0.   Fuber,  "On  the  Tne-  mMi'«Joam.,3rdMT.,iT.3i5,460. 

n'iUea   of   the    Sarth'i   8ur-  }  Phil.  TruiMCt.,  elxi.  (1872), 

viewed  in  ConnectioD  with  S3S ;   Figure  of  the  EuOi,   4th 

the  Seoular  Cooling."     Trani.  ed.,  p.  20L 


)  by  Google 


SOtmCE  OP  TOLCAKIC  BNEBGT.  509 

ciency  of  matter  beneath  great  mountain  rangae  is  juet 
what  tlie  oontractioii  tliooi?  neceosarilT  leads  to  ;  while,  if 
elevation  were  due  to  the  swelling  up  of  molten  matter  from 
below,  the  rerene  ought  to  be  the  oaae  (see  his  paper 
already  quoted,  p.  156). 

If  we  adopt  the  supposition  either  of  Kr.  Mallet  or  Arch- 
deaoon  Pratt,  we  muat  also  admit  that  all  the  great  lead- 
ing features  of  the  earth's  surface  were  eetabhshed  at  a 
Terr  early  stage  in  its  consolidation,  and  have  not  mate- 
rially altered  since.  There  are  some  facts  in  the  post 
history  of  the  earth  which  are  hard  to  reconcile  with  this 
view,  but,  as  we  have  seen,  it  has  a  considerable  weight  of 
authority  on  its  side. 

FrofeeeoT  Shaler  uses  the  contraction  of  the  earth  to 
explain  the  formation  of  continents  and  moimtaine  in  a 
somewhat  difierent  way  from  any  yet  noticed.  He  thinb 
the  methods  of  formation  of  the  two  must  be  ditferent. 
Continenta  he  believes  to  be  produced  by  broad  foldings 
afftcting  tht  vihoU  thiehtttt  of  th«  ermt.  He  accounts  for  the 
sharper  wrinkles  of  mountain  chains  in  the  following  way. 
The  exterior  part  of  the  crust  is  and  has  been  for  a  long 
time  at  the  same  temperature  as  the  atmosphere,  it  there- 
fore loses  no  heat  and  does  not  contract  at  all.  But  a 
deeper  layer  contracts  sensibly,  and  to  compensate  for 
this  the  aupei^cial  portions  of  the  crust  must  wrinkle  up. 
According  to  him  it  is  this  orumfling  of  the  out»r  tJitU  of  tM 
ermt  which  is  the  cause  of  mountain  devadon.* 

In  conclusion,  while  we  admit  that  the  contraction  hypo- 
thesis leavm  some  points  to  be  still  cleared  up,  we  are  yet 
justified  in  looking  upon  it  as  the  most  c  maistent  and  satis- 
factory explanation  yet  put  forward  of  i  h  3  cause  of  the  dis- 
turbances of  the  earth's  crust.  At  the  same  time  it  would 
be  raah  to  say  that  it  is  the  only  cause ;  some  of  the  other 
moving  forces  su^ested  may  have  been  the  means  on- 
ployed  in  certain  cases.^ 


The  next  posin?  question  for  ue  to  take  up  is,  What 
givee  rise  to  the  heat  which  is  required  for  the  produc- 

■  Oeol.  Hag.,  t.  511.  we    Hedlioott,     QaazL    Jonia. 

t  For  tn  ingenioDi  explanatidii  Oeot.   Soo.,  zziv.   84  ;   and  Ub- 

of  the  caoM  oi  •ome  of  Uie  invsr-  moin  of  Qia  Oeol,  SuTTCif  of  In- 

■ioni  Out  an  (ouad  alonR   the  dia,  voL  iiL  pt.  2. 
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tion  of  volcanic  eruptions,  metamoTphism,  and  allied  phe- 
nomena f 

Mstamorpliisiii  and  Lava,  both  Eff«ets  of  tli*  Mute 
Cause. — We  hare  seen  reason  to  believe,  that  the  process 
irhich  has  imparted  to  the  rocks  usually  classed  ae  Ueta- 
morphic  their  crystalline  texture  and  other  peculiarities, 
will,  if  carried  far  enough,  result  iu  the  production  of  fused 
rock  underground,  and  that,  if  this  molten  stuff  be  diiren 
op  to  the  surface,  it  will  flow  out  as  Lava.  The  source  of 
volcanic  activity  and  of  metamorphism  we  ma;  assume, 
then,  to  have  been  the  same,  and  we  have  to  do  two  things: 
fint,  to  find  heat  enou^  to  bring  about,  in  combination 
with  other  agents,  metamorphism  and  fusion ;  and  then  to 
provide  machineiy  competent  to  lift  the  fused  matter  to  the 
aorface. 

Bxpluwtioii  on  XTpotlieeU  of  a  Thin  fTnurt. — We 
have  already  seen  how  easily  the  doctrine  of  a  thin  crust 
solved  the  problem.  The  melted  matter  was  ready  to  hand, 
and  the  fracturing  and  sinking  down  of  the  crust  pumped 

But  tl"'«  explanation  falls  to  the  ground  unless  the  cniat 
is  thin,  and  as  that  is  a  very  doubtful  point  it  cannot  be 
accepted  as  Batisfiictory.  There  are  besides  several  weU- 
known  facts  that  tell  somewhat  against  it.  The  lavas  of 
different  vents  differ  considerably  from  one  another,  and 
often  seem  to  be  somewhat  related  in  composition  to  the 
rocks  through  which  the  eruption  has  burst  its  way;  if  all 
lava  came  from  one  general  reservoir,  one  would  expect  it 
to  be  more  uniform  in  character.  Again,  there  appears 
to  be  often  no  connection  whatever  between  two  vents  very 
close  to  one  another ;  the  lava  standing  at  diiferent  levels 
in  the  two,  and  in  one  being  in  gentle  and  in  the  other  in 
violent  ebullition.  Buch  a  fact,  though  not  altogether 
incompatible  with  the  vents  opening  into  the  same  great 
internal  tank,  does  not  lend  support  to  such  a  view.  A 
more  satisfactory  answer  to  the  second  part  of  the  problem 
snppoBed  that  water  found  its  way  by  percolation  down  to 
the  molten  interior,  and,  being  suddenly  converted  into 
steam,  burst  through  the  over^ng  rocks,  flashed  out  in 
explosions,  and  forced  up  the  lava. 

Kx.  Xopldne'e  Theory, — Independently  then  of  the 
fact  that  it  is  very  doubtl'ul  whether  the  crust  is  as  thin 
as  the  explanation  just  described  requires,  it  is  unsatie- 
factory  on  other  grounds.  The  advocates  of  a  very  thick 
«nist  propounded  several  others  in  its  place.    Mr.  Hopkins 
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supposed  the  solid  part  of  the  earth  to  contain  hollows  filled 
with  matter  still  in  a  state  of  fusion,  and  he  aupposed  these 
hoUovs  to  have  arisen  in  the  following'  way.  When  an 
incrustation  had  begun  to  form  at  the  surface,  the  expan- 
sive force  of  the  contained  gasee  would  every  here  and  there 
tend  to  fracture  the  thin  crust ;  and  when  areas  of  weakness 
had  been  once  established,  the  gases  would  prefer  to  work 
their  way  out  by  apertures  already  in  existence,  even  if 
they  had  to  travel  considerable  distances  to  reach  them, 
rather  than  to  break  open  fresh  points  of  discharge.  Thus 
the  crust  would  be  parcetlod  out  into  disturbed  and  undis- 
turbed districts,  ana  solidification  would  extend  downwards 
faster  in  the  latter  than  the  former.  The  luider  aide  of  the 
crust  would  thus  come  to  have  inverted  hollows  over  its 
surface,  and  the  edges  of  these  might  extend  down  to  the 
central  solid  nucleus  if  there  was  one,  or  unite  beneath  if 
the  interior  was  wholly  fluid,  and  ao  portions  still  liquid 
would  be  enclosed  in  the  generally  solid  crust.  Sir  W. 
Thomson  believes  that  the  outer  portion  of  the  earth  has  a 
HJrp'la''  honeycombed  structure. 

AsBuming  that  the  method  of  solidification  supported  by 
Mr.  Hopkins  is  probable,  his  hypothesis  still  fa^ls  to  ex- 
plain some  of  the  leading  facta  of  volcanic  action.  Accord- 
ing to  it  there  seems  no  reason  why  the  internal  fieiy  lakes, 
and  the  volcanoes  that  they  feed,  should  be  arranged  accord- 
ing to  any  law  ;  one  would  expect  to  find  them  dotted  about 
haphazard.  But  one  of  the  most  striking  facts  about 
volcanoes  is  the  way  in  which  they  are  arranged  in  lines, 
either  coincident  with  or  parallel  to  lines  of  great  elevation. 
The  great  volcanic  belt  that  runs  along  the  mountain  chain 
formed  by  the  Bocky  Uountoina  and  the  Andes  is  one 
instance.  The  omission  to  account  for  this  ia,ct  is  a  very 
weak  point  in  the  explanation.  Again,  the  theory  does 
not  furnish  a  veiy  satisfactory  explanation  of  the  alternate 
periods  of  repose  and  activity  exhibited  by  volcanoes. 
One  conld  understand  aoavity  being  pumped  out  and  there 
being  an  end  of  all  eruption  from  it ;  but  why  it  ahould 
discharge  a  part  of  its  contents,  then  reet  awhile,  and  then 
begin  discharging  afresh,  it  is  not  easy  to  see  ;  and  if  it 
was  once  emptied,  what  is  to  fill  it  Eigain  ?  Such  obiectionB 
may  not  be  fatal,  but  they  naturally  arise,  and  till  they 
are  met,  the  hypothesis  cannot  be  said  to  be  satisfactory* 

Explanationa  of  Mr.  Sorope  uid  Bev.  O.  Timhtir. — 
Other  authors  will  have  it  that  below  a  certain  de]ith  the 
whole  or  portions  of  the  crust  are  just  verging  on  fusion, 
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and  that  any  ohange  in  temperature,  or  pTeBsnre,  or  both, 
may  turn  the  Bcale  and  convert  Bolid  into  melted  matter. 
Mr.  BcTope  has  supposed  that  Bometimea  the  requisite 
inorease  of  heat  is  oaueed  by  the  accumulation  of  thick 
masnea  of  sediment  in  a  way  already  described ;  and  that 
sometimes  liquefaction  may  have  been  brought  about  by 
relaxation  of  pressure  where  the  overlying  ro^  have  been 
tisBured  or  uplifted.*  Mr.  Mallet  has  shown  that  the 
umount  of  heat  generated  on  the  first  supposition  is  not 
sufficient  to  produce  the  amount  of  volcanic  actioa  that 
is  actually  goin^  on  (note  to  his  paper  quoted  below). 
The  Bev.  0.  Fi^er  adopts  the  latter  view ;  he  maintains 
that,  whenever  the  contraction  of  the  crust  raises  a  lone  of 
rock  into  a  mountain  chain,  tlie  rocks  underneath  have  no 
longer  the  weight  of  that  Eone  pressing  on  them,  and,  if  it 
was  only  pressure  that  hept  them  sohd,  they  would  pass 
into  the  liquid  Btate.f  This  hypothesis  accounts  for  the 
association  <rf  volcanoes  with  lines  of  elevation. 

However  satisfactory  in  other  respects  these  and  similar 
p:(])lanations  may  be,  they  cannot,  rise  above  the  rank  of 
speculations  untU  the  fundamental  assumption  with  which 
thny  start  is  securely  established. 

^Vhile  speaking  of  Mr.  Scrope's  speculations,  we  must 
not  forget  to  mention  that  he  did  inestimable  service  by- 
showing  that,  whatever  be  the  origin  of  lava,  the  foroe 
that  raises  it  to  the  surface  is  undoubtedly  the  expansive 
power  of  steam,  t  There  is  no  difficulty  in  obtaining  water ; 
veiy  nearly  every  one  of  the  known  active  volcanoes  is 
situated  near  the  sea,  and  percolation  would  furnish  a 
plentiful  supply. 

Storr;  Knnfx  Theory. — Dr.  Sterry  Hunt  has  put  for- 
ward the  following  view  of  the  present  state  of  the  earth's 
interior,  and  the  origin  of  metamorphic  and  volcanic  action. 
He  believes  that  the  earth  consists  of  an  exterior  shell  of 
sedimentary  deposits,  a  solid  anhydrous  nucleus  still  highly 
heated,  and  between  the  two  a  zone  of  matter  derived 
partly  from  the  nudeua  and  partly  from  the  outside  sheU, 
permeated  by  water  holding  silioeous  and  aluminous  mat- 
ter, carbonates,  sulphates,  cldoridee,  and  carbonaceous  sub- 
stances, and  raised  to  a  temperature  not  necessarily  very 
high  by  the  heat  from  within.    Under  these  circumstances 

•  ValouoM,    pp.    206—276;  t  Volnanoe*.     pp.    ST,     116; 

CbuL  M«g.,  V.  fia7.  Geol.  Slug.,  vi.  196. 

t  Tnasaet    Cambridge   FhiL 
Soc,  xL  i  QeoL  H>«.,  t.  493. 


)  by  Google 


iTE.  E.  mallet's  theoet.  513 

he  maintainB,  on  the  strengitliof  many  experimental  results, 
that  the  matter  of  this  zone  would  be  in  a  state  of  hydro- 
thermal  fusion,  and  that  it  vould  be  oonTerted,  according 
to  ciruumstanoes,  into  the  rariouB  fonna  of  Metamorphic, 
Plutonic,  and  Volcanic  rocks.  He  adopts  the  8crope-Bab- 
ba^  theory  that  thick  deposits  of  sediment  ohec^  the  escape 
of  internal  heat ;  and,  v&erever  this  occurs,  the  reactions 
in  the  intermediate  zone  are  increased  in  activity,  and  vol- 
canic eruptions,  upheaval,  and  other  allied  phenomena, 
resiilt.  For  detaife  of  this  elaborate  theory,  the  reader 
must  consult  the  papers  quoted  below.* 

Xf.  a,  Kallst'i  Theory. — There  is  one  very  signih' 
cant  fact,  which  all  the  explanations  hitherto  glanced  at 
have  failed  to  notice.  Metamorphism  is  always  accom- 
panied by  contortion,  and  in  many  cases,  x>ei'tiApe  always, 
it  increases  in  intensity  as  the  crumpling  grows  more 
violent  and  complicated,  f 

We  have  also  seen  how  persistently  Tolcanoes  range 
themselves  alon^  mountain  chains,  that  is,  along  belts  of 
excensire  contortion. 

It  stents,  then,  that  not  only  are  Metamorphic,  Plutonic, 
and  Volcanic  action  closely  allied,  but  that  contortion 
belongs  to  the  same  family.  We  have  got  at  a  fairly  satis- 
factory explanation  of  the  cause  of  contortion;  will  the 
machinery  which  produced  it  also  furnish  us  with  the  hoat 
whose  origin  we  are  in  search  of?  Mr.  E.  Mallet  has 
attempted  to  show  that  it  will,  in  a  very  remarkable 
_  memoir,]:  of  which  we  must  attempt  to  g^ve  an  abstract. 

His  ideas  about  the  order  of  events  during  the  passage 
of  the  earth  from  a  gaseous  into  its  present  condition  are 
as  follows : — 

Ist  Stage. — The  chemical  elements  of  which  the  earth 
is  made  up,  existed  nncombined  in  a  state  of  gas,  and  the 
first  step  was  the  union  of  these  into  combinations  similar 
to  those  we  find  in  the  globe  at  present. 

2nd  Stage. — When  a  state  of  chemical  equilibrium  had 

*  CMsdikn   Joarn.,    1B£B,  p.  f  For  ons  kdmirsble  inttoliQe, 

303;   Qosrt  Joum.  Q«ol.   Soc,  tee  Geikie,  Tnn«ttct.  Kdinbu^ 

XV.  488;  Cmnptaa  Rendiu,  Jnne  Oeal.  Hoc,  ii.  263,  291. 

9,  lBB2i   DahlLn  Quart.  Joam.,  I  Phil.  Tnuuact.,  dsiii".  (IB73), 

July,    1B63;    Billim&a'a   Jooru.,  U7;  Proceeding  Roysl  Society, 

Snd  Mr,   zxzTii.    2SS;   niriii.  iiii.   32S.    See   alio  Xbi>  Eiup- 

18:; ;  3rd  «er.,  T.  264;  Geology  ot  Uon    of    Verovioa    in    1B72.    by 

Canada,    1B6S,  pp.643,  B69;  Be-  ProF.  Lnigi  PalmieH,  translated 

port,   Oeolof^  of  Canada,  1866,  by  Bobert  Hallnt;   and  Scrope, 

p.  '230  ;  Qeol.  Uag.,  vL  24S.  GmL  Uaff.,  zi.  28. 
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been  estaliliBlied,  the  earth  would  be  wholly  fluid ;  the  anib 
face  cooling  would  be  more  rapid  at  the  poles  Uian  orer 
the  tropics,  and  in  this  way  currenta  would  be  aet  up,  but 
they  would  be  superficial,  and  would  not  be  sufficient  to 
establish  anything:  lil^e  an  equality  of  temperature  through 
the  mass,  so  that  the  interior  would  be  much  hotter  than 
the  outside.  Cooling  would  go  on  by  radiation  from  the 
surface  very  rapidly  on  account  of  the  high  temperature, 
and  a  scJid  crust  would  begin  to  be  formed  round  the  poles, 
and  spread  both  ways  to  the  equator.  The  crust  would 
pass  gradually  downwards  into  a  shell  of  viscous  matter, 
and  this  would  graduate  into  the  more  fluid  interior  mass. 
He  sees  no  reason  to  doubt  the  power  of  the  oniet  to  hold 
together,  in  spite  of  its  small  thickness,  on  the  following 
grounds.  5ia  experiments  on  the  cooling  of  slags  show 
mat  a  crust  is  formed  round  the  fused  mass  when  me  tem- 
perature is  very  little  below  that  of  fusion,  and  the  density 
of  the  crust  differs  very  slightly  from  that  of  fused  slag. 
Hence  it  is  likely  that  in  the  case  of  the  earth  the  density 
and  temperature  of  the  first-formed  crust  differed  so  little 
from  that  of  the  still  fluid  matter  below,  that  there  would 
be  no  very  strong  tendency  for  the  solidified  portion  to  sink, 
certainly  not  enough  to  overcome  the  resistance  to  sinking; 
caused  by  the  viscosity  of  the  matter  immediately  beneaUi  it. 
As  Sir  W.  Thomson  has  pointed  out,  the  boiling  up  of  gases 
would  probably  caiise  the  crust  to  be  full  of  cavities,  and 
this  might  give  it  buoyancy  enough  to  keep  it  up. 

3rd  Stage. — After  a  time,  but  while  the  crust  was  still 
thin,  the  fluid  nucleus  would  begin  to  contract  faster  than 
the  crust,  and  the  latter  would  have  to  accommodata 
itself  by  crumpling.  He  puts  it  forward  as  a  conjecture, 
titough  he  thinks  a  very  probable  conjecture,  that  the 
deformation  of  the  crust  at  this  epoch  was  effected  by  broad 
folds,  and  that  by  this  means  the  great  leading  geographical 
outlines  which  the  earth  possesses  at  the  present  day  were 
then  impressed  upon  it ;  that  the  main  continental  areas 
and  oceanic  depressions  were  then  marked  out  and  have 
remained  substantially  the  same  ever  since.  Where  oon- 
trary  flexures  occurred  at  the  junction  of  continents  and 
Bea-basins,  lines  of  fracture  n-ere  formed,  and  lines  of 
weakness  eHtcblished  which  have  continued  to  be  lines  of 
weakness  ever  since.  The  surface  he  believes  at  that  time 
to  have  been  still  too  hot  to  allow  of  permanent  accumula- 
tions of  water  on  it,  but  comparatively  cool  water  may  have 
fallen,  to  be  driven  off  aa  vapour,  and  precipitated  afresh 
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eUewbeFe,  and  so  there  ma;  have  been  a  conataat  sucoes- 
sioa  of  ttnrential  rainB  and  delug;ee ;  at  the  same  time  the 
rapid  transfer  of  heat  from  the  interior  may  have  suddenly 
heated  the  cooled  portionB  of  the  surface,  caused  them  to 
fly  and  crack,  and  so  produced  great  min  and  shattering  of 
the  crust.  By  such  powerful  denuding  agencies  he  thinks 
the  so-called  "azoic     rocks  may  have  been  formed. 

4th  Stage. — The  crust  so  far  increased  in  thickness  that 
there  was  a  very  material  difference  between  the  rate  of  its 
cooling  and  that  of  the  fluid  nucleus,  and  it  became  in  con- 
sequence subjected  to  enormous  tangential  preasures,  as 
the  shrinkiiig  away  of  the  nucleus  tended  to  deprive  it  of 
support.  It  was  now  thick  and  stiff  enough  to  transmit 
these  compressions  within  itself,  and  the  consequence  was 
that  it  became  ridged  and  doubled  up  into  great  projecting 
wrinklee,  which  vere  afterwards  to  be  licked  into  shape 
by  denudation,  and  become  mountain  chains.  The  crust 
would  give  way  moet  readily  along  the  lines  of  weakness 
already  established,  and  this  is  the  reason  why  great 
mountain  ranges  ate  found  along  sea-ooasta. 

5th  Stage. — The  crust  had  become  so  far  thickened  and 
rendered  so  rigid,  as  not  to  allow  of  the  wrinkling  that 
characterised  Uie  last  stage.  The  shrinking  of  the  hot 
nucleus  still  ^ve  rise  to  tangential  compressions,  and  the 
crust  was  obhged  to  yield  to  these  in  some  other  way ;  and 
relief  was  now  afforded  by  crushing  to  powder  the  rocks  of 
which  it  is  composed.  It  is  the  special  abject  of  the  paper 
to  show  that  heat  is  generated  by  the  crushing,  ana  that 
we  have  here  a  source  amply  sufficient  to  supply  all  the 
heat  necessary  for  the  production  of  the  known  phenomena 
of  volcanic  action. 

The  effect  of  this  crushing  will  be  to  produce  belts,  more 
or  less  tending  to  be  vertical  in  position,  of  smashed  and 
crushed  rock.  Down  these  water  finda  its  way,  and  is 
absorbed  by  the  pulverised  mass,  and  thes,  if  the  tempera- 
ture generated  be  high  enough,  a  mixture  of  fused  or  par- 
tially fused  rock  and  high-pressure  steam  is  generated, 
whidi  is  forced  up  by  the  expansion  of  the  steam,,  and 
raised  to  the  surface  as  lava.  The  experiments  of  Daubree 
have  shown  that  water  will  make  its  way  through  oapillaiy 
pores  of  rock  in  the  face  of  a  high  opposing  pressure  of 
vapour,  and  have  disposed  of  the  objection  that,  if  the 
pressure  was  sufficient  to  raise  the  lava,  it  would  abo  pre- 
vent the  access  of  water. 

For  the  elaborate  eiperiments,  calculations,  and  csti- 
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mates  by  which  Hr.  Mallet  has  endeaTOui«d  to  ahcrw  that 
the  heat  produoed  by  cmshing^  would  be  Bufficient  to  pro- 
duce the  effects  aastgued  to  it,  the  reader  muat  consult 
the  original  papers. 

There  are  many  facta  about  Tolcanoee  that  are  eatiBfae^ 
torily  explained  by  tbiw  theory.  The  rocks  would  yield 
moat  readily,  the  crusluog  would  go  on  to  the  greatest 
extent,  and  the  lai^^est  amount  of  heat  would  be  generated 
along  the  old  established  lines  of  weakness,  and  hence  we 
get  a  reason  why  rolcanic  vents  follow  lines  of  mountain 
elevation.  Crushing  would  not  go  on  uniformly,  but  at 
interrais  ;  it  would  only  take  place  when  the  accumulation 
of  pressure  had  reached  a  point  where  the  rock  waa  able  to 
resist  no  longer.  Hence  volcanic  eruptions  will  be  sepa- 
rated by  inte^als  of  rest.  The  production  of  an  eruption 
also  requires  a  certain  balance  between  the  supply  of  water 
and  heat.  If  the  fonner  be  in  excess,  the  volcano  ma^  be 
either  permanently  or  for  a  time  drowned  out,  or  its  activity 
very  much  reduced. 

The  theory  has  the  following  additional  t«coimnenda- 
tiona.  It  has  the  merit  of  simplicity;  it  calls  in  no  hypo- 
thetical agencies,  the  existence  of  which  resta  only  on 
supposition,  for  it  merely  requires  that  the  interior  of  the 
euth  should  be  hotter  thsn  the  outside,  which  it  almost 
certainly  is,  and  the  co-operation  of  gravitation.  It  puts 
volcanic  action  in  the  light  of  a  beautiful  compensating 
arrangement.  If  the  crust  were  perfectly  unyielding,  it 
must  relieve  itself  from  the  strain  act  np  when  the  nucleus 
recedes,  by  violent  disruption.  As  it  is,  whenever  there  is 
more  matter  in  the  interior  than  there  is  well  room  for,  the 
overplus  is  converted  into  lava,  and  periodically  transferred 
to  the  surface,  and  the  cavities  thus  produced  close  in  slowly 
aa  the  crust  adjusts  itself  to  the  shrmking  nucleus.  Lastly, 
it  accounts  in  an  extremely  simple  way  for  the  close  con- 
nection between  Uetamorphic,  Plutonic,  Volcanic,  and 
Elevatory  action;  for  it  regards  all  four,  not  as  isolated 
phenomena,  but  as  different  results  of  one  common  cause. 

On  broad  general  grounds  then  it  seems  as  if  much 
might  be  said  in  favour  of  Mr.  Mallet's  views ;  and  it  is 
redly  veiy  doubtful  whether,  in  the  present  state  of  our 
knowledge,  it  is  any  use  trying  to  do  more  than  reason  in 
a  broad  general  way  about  this  class  of  questions.  The 
Bev.  0.  Fieher  has,  however,  attempted  a  minute  and 
detailed  criticism  of  the  theoiy,  and  has  on  several  g^unds 
objected  vrith  considerable  force  to  its  conclusions.    Mr. 
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Mallet  has  replied,  and  tlie  arguments  pro  and  eon  will  he 
found  in  the  papers  quoted  below.*  In  a  subsequent 
paper  Mr,  Fisher  has  returned  to  the  attack,|  and  has 
tried  to  strenffthen  his  objectioiis  by  some  elaborate 
matheniatii'Hl  investigations.  It  ia  open  to  question 
vhether  eiihor  his  figures  or  those  of  the  original  Memoir 
of  Mr.  Mallet  are  really  of  much  value.  In  a  problem  of 
this  kind,  ^rhere  the  conditions  are  so  complicated  and  the 
circumstances  to  be  taken  into  account  are  so  numerous, 
there  is  always  considerable  risk,  when  we  attempt  tu 
reduce  it  to  numerical  calculation,  that  some  point  of  vital 
importance  has  been  overlooked.  In  the  present  instance 
it  looks  as  if  this  risk  is  so  large,  that  we  cannot  feel  safe 
in  employing  numerical  results  in  proof  or  disproof  of  the 
correctness  of  the  hyjiothesis. 

It  is  unfortunate  that  in  this  and  many  other  geolo^cal 
questions  the  data  are  too  scanty  to  allow  of  our  availing 
ourselves  of  the  aid  of  mathematical  analysis ;  but.  if  tins 
be  so,  it  is  better  frankly  to  acknowledge  the  fact,  and  not 
to  attempt  to  support  or  overthrow  a  theory  by  a  show  of 
numerical  accuracy  which  has  no  sound  basis  to  rest  upon. 

As  far  as  providing  a  machineiy  adequate  to  produce 
the  heat  required  for  volcanic  action  goes,  Mr.  Mallet's 
eiplanation  may  turn  out  to  be  the  ri^t  one ;  but  when 
we  come  to  his  speculations  as  to  the  order  of  the  events 
that  have  accompanied  the  growth  of  the  earth  into  its 
present  form,  we  find  several  of  his  notions  to  be  directly 
in  the  teeth  of  well-established  geological  facts. 

He  thinks  that  during  the  third  stage,  when  the  surface 
was  still  too  hot  to  allow  water  to  lie  on  it,  the  great  mass 
of  the  oldest  stratified  deposits  \  were  accumulated.  This 
cannot  have  been,  for  the  oldest  rocks  we  know  of  contain 
fossils,  and  animal  life  could  not  have  existed  under  the 
conditions  which  he  supposes  to  have  obtained  during  that 
period.  Besides,  there  is  nothing  whatever  in  the  structure 
of  these  rocks  to  indicate  so  tumultuous  and  cataclysmal  a 
mode  of  formation  as  Mr.  Mallet's  views  would  imply. 

A  far  moM  serious  error  is  committed  with  respect  to  the 

■  Qnftti.   Jooni.    OeoL   Boo.,  t  PhiL  Kk;.  (Octotier,  t37S), 

xui.  469,  611.      PnifsSBnT  Bil-  4th  ser.,  vol.  i.,  p.  302. 
eiud    liM    hIk>   oriticned    tSi.  |  I  imagias  this  ii  what  be 

Mallet'*  Tiowi,  SiUinun'f  Jour-  meanB   by  "the  asmuaed   tit'U- 

11*1,  3i^   ser.,    viL    fiSfi    (June,  and  yet  mora  or  leu  stntiG<;d 

IS74),  and  l>hil.  Uj»{.,  4lb  Mt.,  louks." 
iivJL  II  (JiUj-,  1874). 
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fuurth  and  fifth  stages.  TKe  fourtli  he  IooIcb  upon,  ae  a 
period  of  moimtain  building'.  It  had,  he  admits,  manifee- 
tatiuns  of  igneous  activity,  but  tbej  were  of  a  totally  dif- 
ferent character  from  those  of  the  present  day.  Huge 
Hows  of  lava  were  forced  by  hydrostatic  pressure  up 
fissures,  but  there  was  no  action  of  an  explosive  nature. 
He  ^vunds  this  belief  on  the  startling  statement,  which  will 
certainly  be  new  to  geologists,  that  the  older  volcanic  rocks 
consist  wholly  of  lava  and  "heated  dust,"  and  never  show 
accumulations  of  fragnieotal  matters  such  as  axe  shot  out 
of  modem  volcanoes  by  steam.  He  thinks  this  state  of 
things  may  have  lasted  down  to  the  date  of  the  formation 
of  the  Chalk.    It  is  scarcely  necessary  to  say  how  com- 

fileteJy  this  statement  is  opposed  to  the  facts.  ^1  ot  to  gu 
ar  from  home,  tJiere  are  in  North  Wales,  the  Lake 
oountry,  and  the  south  of  Scotland  countless. instances  of 
volcanic  agglomerates,  which  are  as  distinctiy  the  result  of 
explosive  action  as  the  product  of  any  modem  volcano, 
and  yet  date  far  back  beyond  the  limit  fixed  by  Mr.  Mallet. 

Again,  according  to  him,  during  the  fifth  stage,  moim- 
tain  Duilding  had  ceased,  and  explosive  volcanic  action  had 
come  in.  As  a  fact,  many  of  the  loftiest  mountain  ranges 
received  their  final  uplift  during  this  veiy  period.  Explo- 
sive volcanic  action  then  can  be  carried  mudi  further  back, 
and  mountain  building  brought  down  much  nearer  to  our 
day  than  Mr.  Mallet  seems  to  be  aware.  He  allows 
that  his  stages  overlap  to  some  extent;  in  the  case  of 
the  fourth  and  fifth,  the  overlapping  is  so  complete  that 
they  become  practically  coincident.  The  cnunpung  up  of 
the  crust  sometimes  produces  only  contortion  anct  eleva- 
tion, sometimes  metamorphism  and  volcanic  products  as 
well,  but  the  two  operations  bave  not  been  confined  to  dis- 
tinct periods,  but  have  been  going  on  side  by  side  ever 
since  the  formation  of  the  oldest  stratified  rock  we  know. 

Possibly,  as  suggested  b^l^fessor  J.  Le  Conte,  the  first 
formation  ot  mount^ns  begins  while  the  strata  are  still  soft 
enough  to  yield  to  the  compressing  force.  Tbey  then  give 
way  easily  and  no  heat  is  produced.  Afterwards  fui&er 
crumpling  goes  on  after  the  rocks  bave  become  consolidated 
by  compression,  and  then  crushing  and  fusion  results.* 

There  is  a  slight  modification  of  Mr.  Mallet's  theory  pro- 
pped by  Professor  3.  Lie  (Jonte,  which  should  be  noticed. 
Instead  of  supposing  tbat  the  lines  of  weakness  are  fiasurea 

•  Sillimui't  Jonm.,  3id  «er.,  viL  t87> 
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eetabliahed  at  an  earljdate,  he  employa  tlie  Scrope-Babbage 
theory  to  account  for  their  production,  WhereTer  a  thiuk 
pile  of  sedimentary  rocka  accumulates,  the  escape  of  heat 
IS  checked,  the  surfaces  of  equal  temperature  rise,  and  the 
ronks  under  the  combined  innuence  of  heat  and  water  are 
softened,  and  lines  of  yielding  are  determined.  Then  con- 
traction produces  hoiizontoi  tnrust,  and  its  effects  are  most 
conspicuous  along  these  lines.* 

Soaring  of  Mr.  MUimt'»  Tlisory  on  KotMUorphism. 
— Mr.  Mallet's  views  also  come  in  veiy  handy  to  explain 
the  constant  association  ol  metamorphism  with  intense 
crumpling  and  puckering.  We  noticed  in  Chapter  VII. 
one  weak  point  about  all  the  explanations  which  look  to 
the  internal  heat  of  the  earth  as  the  direei  source  of  the 
heat  required  for  metamorphism.  If  tlus  wore  the  real 
explanation,  it  would  seem  that  the  main  thing  requisite 
for  metamorphosing  a  rock  was  to  sink  it  deep  enough ; 
and  that,  as  a  rule,  the  greater  the  thickness  of  rock  under 
which  any  bed  had  been  buried,  the  more  thorough  would 
be  its  alteration.  Of  course  this  would  not  be  true  in  every 
case,  because  other  agents  besides  heat  are  wanted  for 
metamorphism ;  but  we  should  expect  very  generally  to 
find  those  rocks  most  intensely  altered  wMch  have  beeu 
sunk  deepest. 

But  veiy  often  this  is  not  the  case.  To  take  one  instance 
given  by  Professor  Ocikie :  the  Carboniforeus  Limestone 
(if  the  South  Wales  CoalSeld  has  at  one  time  been  covered 
by  from  10,000  to  12,000  feet  of  strata,  but  it  shows  no 
tracer  of  metamorphism ;  the  rocks  of  the  Central  High- 
lands on  the  other  hand  are  intensely  altered,  though  at 
the  time  when  their  metamorphiNn  took  place  they  cannot 
have  had  over  them  more  than  5,000  feet  of  strata. 

It  b  dear,  then,  that  metamorphism  does  not  necessarily 
depend  on  the  depth  to  which  a  rock  has  descended  into 
the  earth ;  but  it  is  we  have  seen  allied  to  contortion,  and 
there  does  seem  to  be  a.  probability  that  the  heat  due  to 
the  woA  of  contortion  may  have  been  ButHcient  to  produce 
it.  We  con  now  understand  the  structure  of  the  mountain 
chain  generalised  in  Fig.  138.  We  have  there  Qmnitic 
axes  which  shade  off  into  Foliated  Schists,  and  these  in 
turn  melt  away  into  unaltered  rocks ;  this  gradual  passage 
leads  us  to  look  upon  the  Granite  as  simply  an  excessively 
metamoiphosed  rock.  Again,  the  whole  mass  has  been 
cubjectea  to  folding  on  an  enormous  scale,  and  crumpling 
•  SilliDun'i  Joom.,  Ird  tei.,  v.  463. 
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is  more  and  more  developed  as  we  approach  the  Granite, 
8o  tJiat  metamorpliiBm  and  puckering  go  on  increaaing 
together.  It  Beeme,  then,  that  either  the  one  haa  given 
riae  to  the  other,-  or  that  both  are  the  reeulte  of  a  o 


',  and  the  hitter  ia  the  explanation  of  the  conneetioa 
d  by  Mr.  Bfallet's  theory.* 


With  regard  to  the  questions  treated  of  in  this  chapter, 
the  conduBion  of  the  whole  matter  seems  to  be,  that  at 
present  we  know  scarcely  anything  for  certain  about  them. 
We  cannot  say  poBitively  what  ia  the  present  state  of  the 
interior  of  the  earth  ;  the  arc^uments  m  favour  of  a  thick 
crust  are  very  weighty,  but  ttey  are  far  from  conclusive. 
As  to  the  cause  of  folding  and  contortion,  and  the  origin 
of  volcanic  energy,  we  have  arrived  at  an  explanation 
which  is  to  a  certain  extent  satisfactoiy,  but  wnich  has 
still  too  many  weak  points  about  it  to  allow  us  to  look 
upon  it  as  final.  But  such  a  state  of  uncertainty  need  not 
be  a  source  of  regret.  It  would  doubtless  be  pleasant  to 
be  able  to  make  up  our  minds  on  these  fundamental  ques- 
tiuHR.  but  on  the  other  hand  it  is  anything  but  disagreeable 
to  reflect  what  a  wide  field  of  inquiry  yet  lies  aU  but 
untouched  before  the  geologist,  and  it  is  most  encouraging 
to  the  inquirer  to  bear  in  mmd  what  a  host  of  opportunitiea 
are  open  to  him  of  distinguishing  himself.  There  are, 
besides  those  noticed,  other  problems  in  the  aiieculative 
domain  of  Geology  of  surpassing  interest,  but  want  of 
space,  and  stiU  more  the  very  small  way  that  has  been 
made  towards  their  solution,  forbid  our  doing  more  than 
glance  at  some  of  them  here. 

QwilogicaJ  Tims, — Under  this  head  we  may  reckon  the 
attempts  that  have  been  made  to  determine  in  years  the 
age  of  the  earth,  or  rather  the  time  which  has  elapsed  since 
it  came  into  a  condition  approximately  resembling  the 
present ;  and  also  what  is  the  probable  expectation  of  life 
m  the  case  of  our  planet  and  the  system  oi  which  it  forms 
a  part.     Sir  W.  Thomson  has  tried  his  hand  at  these  pro- 

*  The  notion    that   th«    heat  lort  of   my   in    the   minds   of 

developed  by  tlia  work  of  conlor-  geologitls  for  iome  time.     It  WM 

Uon  has  been  one  of  the  produo-  propounded  by  Ur.    GeeiTg^  L, 

ini{:  ranm  of  metninoTphiMn,  has  Voae.  in  hU  Orognphic  U«ologyi 

boeu  floating  about  in  a  vagae  in  ISdS. 
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blems,  and  there  has  been  one  speculation  thrown  out  eince 
he  wrote,  which  may  so  Beriously  modify  his  conclusions, 
that  we  shall  do  well  to  refer  to  it. 

Starting  with  the  Nebular  hypothesis  ea  a  basis,  he  has 
tried  to  approximate  to  the  date  of  the  time  when  the  sun'a 
heat  will  be  exhausted.  He  has  assumed  that  it  has  been, 
and  will  be,  cooling  all  along.  Mr.  Locbyer  has,  however, 
shown  that  such  may  not  have  been  the  case,  and  has 
suggested  a  method  by  which  the  failing  heat  may  have 
been  replenished,  perhaps  over  and  over  again  *  Adopting 
views  smiilaz  to  those  of  Front  and  Dumas,  he  thinks  it 
likely  that  many  of  the  substances  which  we  believe  to  be 
elements,  because  we  have  not  been  able  to  decompose 
them,  are  really  oompounda ;  and  that  during  the  early 
periods  of  a  star's  lifetime  their  components  existed  in  an 
uncombined  state,  the  dissociation  being  perhaps  due  to 
intense  heat ;  when  the  heat  was  so  far  reduced  that  it  wa« 
no  longer  able  to  keep  the  elements  apart,  chemical  com- 
bination took  place,  uid  the  process  may  have  set  free 
a  veiy  considerable  quantity  of  heat ;  in  other  words,  when 
the  energy  which  haid  before  been  occupied  in  preventing 
combination  became  no  longer  equal  to  the  task,  it  appeared 
as  sensible  heat.  Thus  the  life  of  a  star  may  nut  have  been 
one  continuous  process  of  cooling,  but  it  may  have  every 
now  and  then  fired  up  afresh,  and  the  time  token  to  reduce 
it  to  a  certain  temperature  may  have  been  much  longer 
than  if  it  had  gone  on  always  steadily  losing  heat. 

There  has  been  always  a  clashing  between  geolt^sts 
and  physicists  on  the  subject  of  geo]oG;ical  time.  The 
extreme  slowness  with  which  geological  changes  take  place 
leads  the  first  to  demand  enormous  periods  for  the  produc- 
tion of  the  results  he  sees  around  bim  ;  the  speculations  of 
the  latter  tend  to  tie  down  the  allowance  that  can  be  granted 
within  rather  narrow  limits.  Possibly,  if  Mr.  Lockyer'a 
theory  turns  out  to  be  well  founded,  the  physicist  may  be 
able  to  be  more  liberal  in  his  estimates,  and  the  want  of 
agreement  between  him  and  the  geologist  may  be  removed. 

Former  grwttar  Intomitr  of  GAologicEd  Action. — 
There  is  one  other  point  in  geological  speculation  too 
important  to  be  passed  over.  The  earlier  geologists,  we 
have  seen,  when  they  were  in  difficulty,  did  not  hesitate  to 
coll  in  to  their  aid  agendas  far  more  powerful  than  those 
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of  the  present  day,  and  Bomettmes  altogether  diSerelit  in 
kind  from  any  wu  ore  acquainted  with.  Their  method  was 
profoundly  unphilosophical,  for  they  gae»  no  reatott  why  the 
energies  of  nature  should  have  been  formerlygreater  than 
now,  or  other  than  those  of  our  own  time.  Q^is  school  ia 
often  spoken  of  as  the  Cataclysmal  or  Paroxysmal  School. 

The  reaction  against  these  false  Tiewa  led  to  a  school 
which  had  a  tendency  to  run  into  the  other  extreme.  Its 
adherents  maintained  not  only  that  "  the  great  mutations 
of  the  world  are  acted,"  but  that  they  wore  acted  long  long 
ago.  These  geologists  hardly  went  so  far  ae  to  assert  that 
the  condition  of  the  earth  from  the  formation  of  the  oldest 
rock  down  to  the  present  time  has  been  all  along  exactly 
what  it  is  now ;  but  they  looked  with  suspicion  on  any 
proposal'to  call  in  agencies  different  from  those  of  the 
present  time.  Their  caution,  though  perhaps  sometimes 
carried  too  far,  was  decidedly  a  step  in  the  right  direction. 
The  supporters  of  this  view  have  been  distinguished  as 
Uniformitarians, 

Their  line  of  argument  is,  only  give  time  enough,  and 
every  change,  whim  Geology  shows  us  has  taken  ^ace  on 
the  eartlt,  can  have  been  produced  by  the  action  of  existing 
causes ;  there  is  therefore  no  necessity  for  calling  in  an^ 
extraordinaiT  powers,  and,  if  there  is  no  necessity,  it  is 
unphilosophical  to  do  it. 

It  is  probably  true  that  existing  oanses  are  quite  suf- 
ficient for  the  production  of  past  geological  changes,  if  they 
only  act  long  enough.  But  the  time  required  will  be  of 
enormous  duration,  and  the  question  arises,  Can  the  as- 
sumptioa  of  an  indefinite  lapse  of  time  be  justified?  litis 
question  we  have  just  sGon  is  still  an  open  one.  There  is 
the  further  objection  that  it  ia  not  only  passible,  but  even 
highly  probable,  that  conditions  different  from  those  of 
our  day  have  existed  during  past  epochs.  Indeed,  if 
the  history  of  the  earth's  development  has  been  anything 
like  that  sketched  out  in  the  present  chapter,  and  if  there 
be  any  truth  in  the  modem  doetrinea  of  physics,  it  is 
impossible  that  Uniformitarianism  can  be  literally  true 
even  for  a  limited  period.  %Vhen  the  earth  was  hotter 
than  it  is  now,  all  the  phenomena  which  depend  directly 
or  indirectly  on  the  internal  heat,  such  as  metamorphism, 
volcanic  energy,  and  contortion,  must  have  been  pro- 
portionately more  energetic ;  and  if  the  sun  was  at  the 
same  time  hotter,  all  the  geological  operations  depending 
on  meteorological  conditions,  such  as  denudation,  must 
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have  ffone  on  faster  and  on  a  lai^r  scale  than  now.  As 
Sir  W.  Thomson  well  puts  it — "  A  middle  path,  not  gene- 
mHy  aafest  in  acientiBc  Bpeculatiou,  eeems  to  be  so  in 
this  case.  It  ie  probable  that  hypotheses  of  g^and  cata- 
strophes, destroying  all  life  from  the  earth  end  ruining  its 
whole  surface  at  once,  are  greatly  in  error ;  it  is  impossible 
that  hypotheses  assuming  an  equability  of  sun  and  storm 
for  one  million  years  can  be  wholly  true." 

But  though  file  views  held  by  the  school  of  Uniformity 
cannot  he  exactly  correct,  it  may  be  that,  for  the  period  for 
which  they  are  maintained,  the^  are  not  far  from  the  truth. 
It  is  in  the  highest  degree  miprobable  that  the  oldest 
known  rotis  are  really  the  first  rocks  that  were  ever 
formed,  utterly  unlikely  that  there  were  none  before  them; 
indeed,  we  may  almost  say  that  we  know  that  this  is  not 
the  case,  and  are  certain  that  the  time  which  has  passed 
by  since  the  deposition  of  those  rocks,  enormous  as  it  seems 
to  us,  is  as  nothing  in  comparison  with  the  lai^e  lapse 
of  ages  which  have  rolled  away  since  the  earth  became 
tenanted  by  life,  and  denudation  and  deposition  began 
their  career.  So  that,  though  really  the  earth  has  been 
steadily  losing  raiergy  all  along,  yet  the  rate  of  loss  may 
have  been  so  slow,  and  the  iuterral  between  the  formation 
of  the  oldest  surviving  rock  and  to-day  may  be  is  com- 
parison with  the  whole  lifetime  of  the  globe  so  smaU, 
that  we  may  practically  look  upon  the  condition  of  the 
earth  as  having  been  constant  during  the  period  with 
which  Stratigraphical  Qeology  deals,  and  may  for  so  far 
back  be  Unifonuitarians  without  sensible  error.  Of  course 
this  view  involves  a  longer  lifetime  and  a  slower  cooling 
than  physicists  have  been  hitherto  disposed  to  concede; 
but  their  estimates  on  neither  of  these  points  are  beyond 
question  ;  indeed,  on  the  first  we  have  just  seen  that  they 
m^  have  to  be  materially  extended. 

On  the  other  hand,  a  modified  UuiformitaTianism  may 
be  the  true  solution.  While  we  resolutely  reject  agencies 
differing  in  kind  from  those  of  the  present  day,  we  may 
yet  allow  of  a  difference  in  degrte,  and  admit  the  possibili^ 
of  the  rates  of  deposition  and  of  the  change  in  life  having 
been  more  rapid  in  former  times  than  now,  and  so  not 
exceed  the  limits  in  time  to  which  physical  speculationB 
seem  to  tie  us  down. 

As  far  as  we  can  at  present  judge,  it  certainly  seems 
likely  that  one  of  these  two  views  represents  the  true  state 
of  the  case.    But  our  choice  does  not  lie  wholly  between 
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them.  It  behoves  oh  to  be  veiy  careful  how  we  appeal  to 
cauBCB  differing  in  kind  from  any  of  wlii<!li  we  have  had 
experience,  etifi  we  must  not  lose  sight  of  the  posslbili^  of 
there  being  forces,  which  are  periodic  in  their  action,  and 
yef  recur  so  seldom  that  the  span  of  human  eiperience  has 
not  been  long  enough  to  witness  even  a  single  instance  of 
their  display.  And  ttiia  is  not  one  of  those  purely  gratuitoiu 
assumptions,  unsupported  by  analogy  or  probability,  the 
use  of  whi<^  brought  the  Paroxysnml  School  into  dlsre- 
pute.  For  instance,  if  we  adopt  the  contraction  theory  of 
the  origin  of  mountain  chains,  it  ie  perfectly  conceivable 
that  the  action  of  its  machinery  may  be  of  this  nature. 
The  presBure  may  have  to  go  on  accumulating  for  a  very 
long  time  before  it  can  give  rise  to  any  motion ;  and  then, 
when  it  passes  a  certain  limit,  portions  of  the  crust  may 
give  way  with  a  start,  and  a  very  considerable  amount 
of  disturbance  may  be  generated  suddenly;  after  the  relief 
thus  afforded,  there  may  come  a  Icmg  interval  of  com- 
parative rest  till  a  head  of  pressure  has  gathered  sufficient 
to  make  fresh  dismptioD  necessary.  This  explanation  is 
d  priori  quite  as  likely,  perhaps  even  more  probable,  than 
the  one  which  supposes  mountain  chains  to  have  been 
raised  by  a  continuous,  gentle  upridging,  prolonged  over 
very  long  periods.  Possibly  the  best  explanation  of  all 
would  be  a  combination  of  both,  which  imagines  slow 
upheaval  to  be  always  going  on  with  fit«  of  more  energetic 
action  at  intervals.  Other  instances  might  be  given  ad* 
nutting  of  similar  explanation,  but  this  one  must  suffice 
here.  The  moral  of  all  would  be,  let  us  be  very  careful 
how  we  take  our  own  epoch  as  necessarily  the  ty^ie  of  all 
time  past  and  to  come.  Experience  must  form  the  basis  of 
our  speculations,  but  we  may  fall  grievously  into  error  if 
we  make  it  the  limit  of  them. 

We  give,  in  conclusion,  the  titles  of  a  few  of  the  more 
important  memoirs  touching  on  the  subjects  which  hare 
been  glanced  at  in  this  section.* 

*  tjir  W.  Thomson,  On  the  olopricnl  Time,  Transact.  Oltugow 
Secular  Cooling  at  the  Earlh,  Cuil.  8oc.,  iii.  p(.  I ;  On  Oeologi- 
TrHHuct.  RnjA  Soc.  or  Edin-  cal  D^namitn,  ibid.,  pt  2  ;  Prof. 
bnrah,  xiiiL  lfi7.  end  Katiml  A.  Ueikie,  On  irmlern  Denudn- 
Fbili^Bopli^,  Appendix  D;  On  tiun,  ibid.,  iii.  Ifi3  ;  Prof,  Huxlty, 
Decrease  in  the  Length  of  the  Anniversary  Addrese,  Qnnrt. 
Day  owing  to  Tidal  Fiiution,  Joum.  Geol.  Soc.,  iit.  ;  Prof. 
NHtanl  Philoaophy,  Arte.  27S,  KamBsy,  On  Qeol'i^ical  Time, 
B30 ;  Co  Date*  friini  Tt-rreBtrinl  Proceedingii  Boyal  Soc.,  xiii, 
TemperHluree.BriiishAwnc.lSae,  pp.  U6,  334;  Mc.  C.  tjorly, 
Ttiuuact.  SecUuiui,  p.  18 ;  On  Qe-      Nature,  ix.  388. 
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"  Th«M  chuigaa  in  the  heayeiM,  though  ilow,  ptodnce 
Like  change  cm  a»  and  bod." 

OF  the  mnny  remarkable  erents  which,  the  study  of 
geology  umxaofi  ua  have  taken  place  during  the  past 
history  of  the  earth,  noae  perhaps  are  more  unlooked  for, 
or  more  startling  when  the  proofs  of  their  oecurrenee  are 
fairly  estahliahed,  than  the  changea  which  the  climate  of 
the  same  spot  has  undergone.  We  find,  for  instance,  in 
North  Greenland,  Spitzbergen,  and  other  countries,  where 
now  the  rigours  of  an  Arctic  winter  are  scarcely  relaxed  all 
the  year  round,  andwherethe  presence  of  a  liviugforest  tree 
is  a  aheer  imposfiibility,  the  f  osaU  remains  of  an  abundant 
and  varied  flora,  including  poplars,  willows,  beeches,  oaks, 
and  other  trees,  which  grow  only  in  temperate  regions,  and 
tiome  which  perhaps  indicate  even  a  more  genial  climate 
still.  And  it  is  hkely  that  this  elevation  of  temperature 
was  not  a  mere  local  accident,  for  it  was  possibly  about 
tlie  same  time  that  trees  pointing  to  a  sub-tropical  climate 
abounded  in  Switzerland,  Germany,  and  Devonshire.  At 
a  somewhat  later  date  a  change  exactly  in  the  contrary 
direction  was  brought  about,  and  the  severity  of  Arctic 
regions  was  extended  down  to  latitudes  which  now  enjoy 


Lake  district  of  England  and  North  Wales  nourished  la^e 
glaciers,  and  the  ice-flows  of  the  Alps  and  other  mountain 
ranges  pushed  their  way  far  beyond  the  limits  which  restrict 
their  punv  representatives  of  die  present  day. 

When  the  subject  of  change  of  chmate  first  began  to  attract 
attention,  regard  was  paid  almost  exclusively  to  those  oases 
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xrhere  it  could  be  ehovu  tliat  th«  temperature  of  a  country 
iLad  been  fonnerlT  higher  than  now,  and  it  was  somewhat 
hastil;  assumed  mat  the  alteration  had  been  all  along  in 
the  same  direction,  and  had  consisted  in  a  gradual  lower- 
ing of  the  mean  temperature  of  the  globe ;  and  this  result 
was  assumed  with  equal  haste  to  have  been  brouffht  about 
by  that  gradual  cooling  which  the  earth,  if  it  had  been 
originally  in  a  fused  condition,  must  of  neceesity  be  con- 
stantly undergoing.  The  fonner  Arctic  condition  of  Europe 
was  ignored,  either  because  its  existence  had  not  been 
placed  beyond  question,  or  because  it  was  supposed  to  bo 
due  to  some  special  and  exceptional  cause. 

But  we  now  loiow  that  ench  a  view  is  altogether  mistaken. 
The  second  instance  just  given  of  a  climate  different  from 
that  of  the  present  day,  ^lows  that  so  far  from  the  tem- 
perature having  steadily  declined  as  time  went  on,  in  one 
case  at  least  the  contrary  has  takea  place.  Our  own  country, 
after  having  experienced  the  seventy  of  an  Arctic  dimate, 
has  now  returned  to  more  favourable  conditiouB.  And  aa 
the  progress  of  geological  inquiry  has  gone  on,  many  such 
instances  have  been  detected ;  and  there  are  reasons  for 
believing  that  the  true  story  is,  that  alternations  of  genial 
and  severe  climates  have  been  repeated  over  and  over 
again  during  bygone  ages,  and  that  there  has  not  been  a 
continuous  aeteriomtion,  but  a  rotation  of  climat«s. 

The  grounds  for  this  assertion  cannot  be  given  till  we 
come,  in  the  second  part  of  this  Uanual,  to  review  the 
course  of  events,  which  a  study  of  the  rocks  of  the  earth's 
crust  shows  to  have  accompanied  their  formation ;  but  the 
causes  which  have  given  rise  to  these  oscillations  of  climate 
can  be  fully  understood  at  this  point  of  the  reader's  studies, 
and  may  be  conveniently  oonsidered  here.  We  do  not 
pro^e,  however,  to  do  more  than  offer  an  outline  of  the 
eubiect,  mainly  because  the  geologist,  Ur.  Croll,  who  has 
made  the  question  almost  his  own,  has  just  issued  a  treatise 
spocially  devot«d  to  it.* 

Of  the  many  solutions  which  have  been  offered  of  the 
problem.  How  have  past  changes  in  climate  been  brought 
about  ?  only  two  seem  to  have  a  sufficient  show  of  proba- 
bility in  their  favour  to  call  for  notice  in  an  elementary 
manual.  One  of  tliese  supposes  that  a  distribution  of 
land  and  water,  differing  from  that  which  now  exists. 
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caused  oorTeBponding  differences  in  the  distribution  of 
climate ;  the  other  looks  to  certain  changes,  which  are  con- 
stantly taking  place  in  the  poeition  of  the  earth's  axis  and 
the  shape  of  the  earth's  orbit,  for  the  producing  causes. 

That  the  distribution  of  sea  and  land  affects  to  a  very 
important  extent  the  climate  of  different  portions  of  the 
earth  is  beyond  question.  Turn  to  a  map  of  what  are 
called  isothermal  lines,  that  is  lines  passing  through  all 
the  points  in  each  hemisphere  which  nave  the  same  tem- 

Serature.  If  the  temperature  at  any  spot  depended  only  nn 
le  amount  of  heat  which  that  spot  received  from  the  sun, 
these  lines  must  be  parallel  to  the  equat*^.  But  such  is  by 
no  means  the  case  ;  the  isothermals  are  curves  of  the  most 
complicated  character,  now  stretching  away  northwards  in 
long  loops,  and  again  deflected  southwards  by  broad  sweeps, 
and  ever  and  anon  doubling  back  upon  themselves  in 
ajiparently  the  most  arbitrary  manner.  But  these  aberra- 
tions are  all  capable  of  exjdanation.  Some  of  the  most 
striking  bends  are  due  to  tne  influence  of  ocean-currents, 
and  no  instance  of  this  kind  is  more  marked  than  where, 
in  the  North  Atlantic,  the  isfltbermsls  are  pulled  out  in 
long  folds  to  the  north-east,  and  a  most  wonderful  difference 
in  dimate  is  produced  between  the  eastern  coast  of  North 
America  and  the  opposite  western  shores  of  Europ«t, 

The  mean  January  temperature  of  Mew  York,  for 
instance,  is  32°;  thatof  the  opposite  coast  of  Portugal  about 
56°.  Labrador,  in  lat.  53°,  has  a  winter  temperature  of 
zero;  that  of  the  shores  of  the  north-west  of  Ireland,  on  the 
same  parallel,  is  about  46° ;  so  that,  while  the  first  is  almost 
permanently  cased  in  ice,  water  but  rarely  freezes  on  the 
second.  And  the  same  difference  is  maintained  as  we  go 
northwards  ;  in  fact,  on  our  side  of  the  ocean  we  must  go 
as  far  north  as  Iceland  before  we  meet  with  a  winter  tem- 
perature as  tow  as  that  of  New  York.  Now  tTiia  marvellous 
contrast  is  due  partly  to  the  fact  that  a  stream  of  cold  water 
from  Arctic  seas,  the  Labrador  Current,  is  always  passing 
doii'n  along  the  eastern  coast  of  North  America,  and  still 
more  to  the  fact  that  another  current,  the  Oulf  Stream,  is 
always  bringing  from  the  tropica  an  enormous  niass  of 
heated  water  to  bathe  the  western  shores  of  Northern 
Europe.  Now  it  is  perfectly  possible  to  conceive  some 
.change  in  physical  geogmphy,  euch  as  the  upheaval  of  a 
barrier  of  land  or  ue  opening  of  a  new  passage,  which 
would  prevent  the  Gulf  Stream  from  entering  the  North 
Atlantic,  or  would  lead  it  off  into  another  channel.     In 
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Buch  a  case  the  western  ahores  of  Europe  would  no  longer 
enjoy  their  present  happy  fortune,  and  our  own  country 
would  suffer  somewhat  Uie  same  eztrenuties  of  cold  that 
now  prevail  in  Labrador, 

A^in,  the  distribution  of  land  and  sea  affecta  the  tem- 
perature iudependoiitly  of  the  effect  it  has  in  determining 
the  counw  of  currents.  In  the  interior  of  lar^  masses  of 
laud  the  auinmere  are  excessively  hot  and  the  winters  as 
abnurmully  cold ;  on  sea-coasts  and  in  insular  regiuns 
there  is  for  less  contraat  between  the  seasons ;  so  that  by 
breaking  up  a  continent  into  islands,  or  by  allowing  arms 
(if  the  sea  to  gain  access  to  its  int«rior,  we  might  very 
materially  improve  ite  climate. 

Land  and  eea  also  produce  effects  on  the  climate  of 
regions  at  a  distance  by  means  of  the  influence  they  bring 
to  tiear  on  the  winds  which  blow  over  them.  For  instance, 
we  have  already  mentioned  that  there  was  a  time  when  the 
Alpine  glaciers  were  far  larger  than  at  present ;  at  that 
time  what  is  now  the  Suhara  was  oovered  by  water ;  the 
winds  then  that  reached  Switzerland  from  the  south 
sucked  up  va]M)ur  as  they  blew  over  this  broad  expanse  of 
sea,  and  came  laden  with  moisture,  which  was  precipitated 
as  enow  when  they  came  against  the  cold  mountain  sides  ; 
hence  the  accumulation  on  the  gathoring  ground  was 
increased  and  larger  glaeiera  were  needed  to  reheve  it. 
Now  southerly  winds  blow  over  a  parched  desert,  and  not 
only  bring  no  moisture  with  them,  but  by  their  warmth 
tend  to  melt  the  ice,  so  that  there  is  a  smaller  supply  of  the 
material  for  glacier-making,  and  an  agency  tending  to 
diminish  what  glaciers  there  are. 

Led  by  considerations  such  as  these,  many  geologists, 
specially  Sir  C.  Lyell,  beheve  that  even  the  moat  extreme 
revolutions  in  climate  can  be  accounted  for  by  changes  in 
the  distribution  of  land  and  sea.* 

That  local  variations,  perhaps  of  a  very  excessive  cha- 
racter, might  be  brought  about  in  this  way,  may  be 
readily  admitted  ;  thus,  for  instance,  the.  submergence  of 
the  Sahara  would  doubtless  tend  to  increase  the  aize  of 
the  Alpine  glaciers. 

But  the  variations  we  have  to  account  for  were  not  local ; 
the  period  of  intense  odd  alreadv  mentioned,  which  is 
known  as  the  Oladal  epoch,  mode  itself  felt  over  the  whole 
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oftheNortiiemHemiBpliere;  one  era,  knovn  as  tLe  Miocene 
ag^e,  when  filial  climatee  extended  up  beyond  the  Arctic: 
circle,  Laa  left  jta  traoes  talf  way  ronnd  the  northom  regions. 

Now  before  we  can  admit  that  cases  like  these  were 
caused  in  the  way  Sir  0.  Lyell  supposes,  we  must  be  satis- 
fied on  two  points :  first,  that  there  is  evidence  that  the 
hypothetical  distribution  of  land  and  sea  invoked  to  a4X»(mt 
for  them  did  really  exist  at  the  periods  in  question ;  and,  , 
secondly,  that,  if  it  did,  it  was  compet^it  to  produce  the 
effects  assigned  to  it. 

Now,  according  to  this  explanation,  the  mild  period  was 
caused  by  the  land  being  gathered  around  the  tropics,  and 
the  polar  regions  being  lai^ly  occupied  by  sea.  This 
certunly  does  not  seem  to  have  been  the  arrang^oaent  that 
prevailed  during  Miocene  times ;  the  European  deposits  of 
that  date  are  mainly  of  lacustrine  or  shallow  sea  origin, 
aud  point  to  the  presence,  not  of  large  areas  of  sea,  but  of 
extensive  tracte  of  continental  land. 

Again,  would  an  accumulation  of  land  about  the  equator 
give  rise  to  a  genial  climate  over  the  whole  globe?  The 
theory  tre  are  ooneidering  says  it  would,  and  in  this  way. 
The  land,  being  highly  heated  by  the  tropical  sun,  would 
in  its  turn  heat  the  air,  which  would  rise  and  flow  towards 
the  poles,  and  thus  there  would  be  a  constant  transfer  of 
heat  from  the  equatorial  to  the  Arctic  regions.  That  this 
atmospheric  circulation  must  always  go  on,  and  that  it 
would  go  on  in  the  supposed  case  to  a  larger  extent  than 
now,  cannot  be  denied ;  but  Mr.  Croll  has  shown  that  it 
is  very  doubtful  whether  these  aerial  currents  would  avail 
anything  towards  mitigating  the  severity  of  the  polar 
climate.  However  hot  the  wind  might  be  when  it  left  the 
land,  it  would  be  liable  to  rise  to  heights  where  the  tem- 
perature is  below  the  freering  point ;  all  its  warmth  would 
then  be  stolen  from  it  long  before  it  reached  its  journey's 
end,  and  it  would  oome  down  to  the  earth's  surface  in 
nortJietii  latitudes  aa  a  chilling  and  not  a  warming  current. 
The  proposed  arrangement  of  land  and  sea  might  therefore 
bring  no  additional  neat  to  polar  regions  ;  what  is  worse, 
it  might  prevent  warm  ocean-currents  flowing  from  tropical 
r^ons  towards  the  poles,  and  so  might  put  a  stop  to  the 
working  of  the  machinery  by  which  equatorial  warmth  is 
now  largely  distributed  over  the  globe,  and  by  the  agency 
of  which  many  regions  that  would  otherwise  be  icy  wastes 
are  rendered  habitable. 

For  Mr,  CioU  has  shown  that  it  is  not  currents  in  the  air, 

M  M 


)  by  Google 


630  OEOLOGT. 

but  currents  in  the  ocean,  that  are  now  perfarming  this 
beneficent  tuk.  WhereTer  Btroams  of  heated  vater  floir 
northwards  from  the  tropica  and  epread  out  as  they 
advance,  they  diffuse  heat  from  their  broad  warm  snifacea 
into  the  air  above,  and  give  rise  to  warm  winds,  the  softcra- 
ing  influences  of  which  are  felt  over  the  adjoining  coun- 
tries. A  great  belt  of  equatorial  land  might  materially 
interfere  with  these  currents,  which  at  present  all  take 
their  rise  in  the  Southern  Hemisphere,  and  might  cut  oS 
the  supply  of  heat  they  are  always  bringing  to  aUeviate  the 
rigours  of  Arctic  regions.  As  far,  then,  as  accounting  for 
the  mildness  of  Miocene  and  other  genial  epochs  goes.  Sir 
0.  Lyell's  arrangement  would  be  very  liable  to  tt£,  and  it 
is  scarcely  more  satisfactory  when  it  is  applied  to  explain 
the  cold  of  Glacial  periods.  The  theory,  therefore,  though 
it  may  be  appUcaola  to  local  instances,  cannot  be  rehed 
upon  to  account  for  the  world-wide  revolutions  of  climate 
we  have  to  deal  with.  At  the  same  time,  though  distri- 
bution of  land  and  sea  alone  seems  hardly  sumcieut  to 
cause  such  extensive  changes,  it  may  have  had  a  share  in 
their  production,  and  have  helped  other  causes  in  bringing 
them  about* 

We  will  now  turn  to  the  second  view,  and  see  if  it  is 
more  satisfactoiy.  This  explanation  was  first  suggested  by 
Sir  J.  Herschelit  but  he  seems  afterwards  to  have  given  it 
up;  it  has  since  been  worked  out  in  very  full  detail  by  Ur. 
CroK-i 

It  may  save  the  reader  the  trouble  of  reference  to  a  book 
on  astroDoniy  if  we  recount  shortly  the  astronomical 
changee  which  this  explanation  looks  upon  as  the  ultimate 
causes  of  change  in  dimate. 

The  path  which  the  earth  describes  round  the  son  is  a 
plane  curve,  called  an  ellipse,  such  a»AB  P  Dm  Fig.  139. 

■  WallwM,  NBtnre,  i.  399,  452.  rauj,  1S70] ;  Put  IL.  max.  ISO 

+  Proceed.  OboI.  Boo.,  i.  244.  (March,  1870) ;  Put  III..  xL  233 

*   X  Mr.  CraU's  reseanJiefl  ware  (October,  1870),  zlii.  241  (Oolo- 

fltst   pnbliBbed    in    the    Fonrth  bei,   1871),  zlvii.  S4,  ISS  (Feb- 

SeneaofthePhil.  Ma^.     He  hm  raorj   uid    March,    1874);    On 

inJokea'  Manual  of  Oeologj  sag-  Bappooed  Gheatar  Loat  of  Hest 

seated  the  foUowing  aa  tbe  order  by  Southam  than  by  Noithem 

in  wluch  hii  papera  maj  be  moat  Hemiiphere,   ixzTiii.   221)   (8ep- 

j^ofltablv   read :   On   Geological  tember,   1869).    The  re^dei  will 

Tnne,   sc,    zzit.     S63    (May,  find  the  aubstaoce  of  theee  papen 

1868);  zxxTi.  141,  862  (Anguat,  and  much   additional  nuUtai  in 

Kovember,     1868) ;    On    Oceaa  the  work  of  Mr.  CroU's  •Insdj 

OomDta,  Part  I.,  sixix.  81  (Feb-  raferred  to. 
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If  drawn  truly  to  scale,  the  real  path  wonld  BoarMly  be 
distmgui&hed  by  the  eye  from  a  circle,  and  therefore  it 
ie  in  the  figure  made  mw^  more  or'al  than  in  nature, 
lest  the  reader  ahonld  Buppose  it  tbb  actually  circular. 
e  is  the  centre,  A  € P  me  longeet,  S  CD  the  ahortest 
diameter.  The  sun  occupies  a  point  iS  on  C  P,  called  the 
focus.  P  is  called  the  perihelion  or  pcHiit  nearest  to  the 
eun  ;  A  the  aphelion,  or  point  farthest  from  the  Bun ;  S  P 
the  periheUoa  distance,  8  A  the  aphelimi  distaiice. 
Now  there  are  two  thinga  we  nave  to  note  abont  the 


path :  it  is  constantly  omdcrgoing  changes  both  in  shape 
and  poBttioiL  First,  with  r^ard  to  the  change  in  shape ; 
if  the  earth  and  the  sun  were  the  only  bodies  in  the  uni' 
verse,  tlie  former  would  always  pursue  exactly  the  same 
path  round  the  latter  yeen  after  year ;  but  the  attractions  of 
the  other  planets  are  ^ways  pulling  the  earth  now  this  way 
and  now  mat,  and  in  this  manner  it  comes  about  that  the 
shape  of  its  path  is'  constantly  nhmiging  at  a  rery  slow  rate, 
so  that  it  ia  at  one  time  more  oral  than  at  another.  The 
ohangee  in  shape  can  aerer  go  beyond  certain  fixed  limits. 
For  a  long  senea  of  ages  tab  orbit  goea  on  getting  moi» 
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and  more  oral  or  elliptical ;  then  the  ellipticil;  begins  to 
decrease,  and  the  orbit  grows  more  and  more  nearly  cir- 
cular; but  before  it  beoomee  actually  a  drds  the  ellipticity 
begins  again  to  increase,  and  keeps  increedng  for  another 
long  epoch,  wbvoi  it  again  turns  back,  and  begins  to  grow 
leea. 

This  ia  the  general  nature  of  the  diange  in  i^pe  of  the 
earth's  path ;  bat  ve  must  vet  consider  one  or  two  par- 
ticular zaon  exactly.  Tht  Ungut  diameter,  P-d,  i*  alwof/i 
th*  lamt,  and  hence  ire  can  make  the  orbit  more  elliptical 
only  by  TtiaVing  B  C  shorter ;  in  fact  the  orbit,  while  its 
length  remains  unaltered,  is  at  some  times  flatter  than 
others.  But  the  line  B  Sia  equal  to  half  the  longest  dia- 
meter, and  must  therefore  always  remain  the  same  length, 
whatever  change  goes  on.     Now  if  B  oomea  nearer  to  C, 


Kg.  140.— O&Bii  or  TBI  Bakth,  EodHTBicnr  Luiaa. 

B  S  can  keep  the  same  length  only  by  8  moving  towards  P. 
Therefore,  when  the  eccentricity  is  large,  the  sun  ia  nearer 
to  the  perihelion  than  when  it  is  small.     Inertne  ofee 
eitf/  tMrofort  diowtuhM  the  periMion  dietanet,  and  i 
th*  ^helitm  diitattee. 

If  the  reader  will  compare  Figa.  139  and  140,  he  will 
realise  the  effect  of  the  ckange ;  in  both  the  longest  axis 
of  the  ellipse  is  the  same,  but  in  the  second  the  curve  ia 
more  eUiptioal,  the  perih^on  distance  S  P  ia  loss,  and  the 
aphelion  distance  iS  ^  Is  greater  than  in  the  first.  He  must 
not  fco^iet,  however,  that  in  both  figures  the  ellipticity  is 
fai  greater  than  in  the  actual  case. 
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Secondly,  beddee  a  change  in  shape,  the  path  of  the 
earth  is  nndergoing  a  constant  though  bIow  change  in 
poeition.  If  at  any  date  the  direction  of  the  line  PSA 
be  determined,  say  by  noting  that  it  points  directly  to  a 
particular  star,  and  the  obBervation  be  repeated  after  a 
time,  wo  ehall  find  that  the  line  no  longer  points  to  the 
same  star,  but  has  moved  away  in  the  eanie  direction  as  the 
earth  reyolves.  This  motion  is  called  the  Hevolution  of  the 
Apsides,  and  by  it  the  point  A  is  carried  round  the  whole 
orbit  in  about  5,000  years. 

Such  are  the  facts  we  shall  have  to  bear  in  mind  Feapeot^ 
ing  the  alteration  in  shape  and  the  change  in  position  of 
the  earth's  orbit.  "We  hare  now  to  pass  to  a  forUier  point. 
A  plane  tltrough  the  sun  parallel  to  the  ^ane  of  tlie  earth's 
equator  is  called  the  celestial  eqoatcnr.  If  the  line  of  inter- 
eectiou  of  the  celestial  equator  and  the  plane  of  the  ecliptic 
meeta  tlte  earth's  orbit  mAE,  V  E,  these  points  ere  called 
the  Autumnal  and  Temal  Equinoxes.  If  a  line  throu^  8 
perpendicular  \a  A  E,  V  E  cuts  the  earth's  orbit  in  0^  S, 
8  S,  these  points  are  called  the  Winter  and  Summer  Sol- 
stices. When  the  earth  is  at  either  of  the  equinoxes,  the 
days  and  nights  are  everywhere  equal  in  length ;  as  the 
earth  mores  n>om  the  vernal  towards  the  autumnal  equinox, 
the  nights  are  alwa^  longer  than  the  days,  the  difference 
between  day  and  night  being  greatest  at  the  winter  sol- 
stice ;  as  the  earth  moves  from  the  vernal  equinox  towards 
the  autumnal  equinox,  the  days  are  longer  than  the  nights, 
the  longest  day  occurring  as  she  passes  through  the 
summer  solstice.  In  other  words,  the  time  taken  by 
the  earth  to  travel  from  VE to  AEis  the  winter  portion, 
and  the  time  from  A  S  to  VE  is  the  summer  portion 
of  the  year.  Now  it  is  veiy  easy  to  see  that,  as  long 
as  the  earth's  path  is  not  a  circle,  the  summer  and  winter 
portions  of  the  year  must  be  of  different  lengths.  Look  at 
Fig.  139,  which  represents  pret^  nearly  the  present  state 
of  matters  for  the  Northern  Hemisphere.  The  arc  .^  .£*,  i*, 
FE  is  shorter  than  the  arc  fE,  A,  A  E,  and,  what  is  more, 
the  earth  moves  faster  over  the  first  arc  than  over  the 
second,  because  she  moves  faster  the  nearer  she  is  to  the 
sun,  so  that  both  these  causes  now  work  together  to  make 
our  summer  longer  than  our  winter.  Further,  note  that 
not  only  is  our  winter  now  shorter  than  our  summer,  but 
the  earth  is  nearest  to  the  sun  nearly  at  midwinter,  and 
the  additional  amount  of  heat  thus  obtained  tends  to  miti- 
gate the  severity  of  the  cold  season. 
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The  Northern  Hemisphere  now,  therefore,  b  wt^  off  as 
zegards  climate  for  two  reasoas — ita  winter  is  short,  and  it 
is  nearest  to  the  sun  in  winter ;  the  Southern  Hemisphere 
is  badly  oR,  for  its  irinter  is  long,  and  it  is  farthest  from 
the  Biin  in  winter. 

Bat  sow  oomee  a  point  of  the  utmost  importance :  it  has , 
not  elmya  been  so.  We  have  already  mentioned  the 
motion  of  the  earth's  axis  known  aa  preceemon,  and 
explained  how  that  line  is  constrained  to  more  slowly 
round,  sweeping  out  a  path  in  space  like  the  surface  of  an 
inTerted  sngar-cone.    Now,  since  the  plane  of  the  earth's 


Fig.  HI—^Ibbit 


Eabih,  Wuitzb.  occcBBno  n  Athujov. 


equator  is  perpendicular  to  the  earth's  asiB,  if  the  axis 
mores,  the  terrestrial  equator,  and  therefore  the  celestial 
equator  too^  mnst  move  with  it ;  and  a  Teiy  little  reflection 
will  show  that  in  consequence  of  the  Terolution  of  the 
earth's  axis  the  line  A  E,  T E  wiU  turn  slowly  round  jS 
as  a  centre.  The  motion  takes  place  in  the  direction  oppo* 
site  to  that  of  the  earth's  revolution,  and  the  line  makes  a 
complete  circuit  in  about  26,000  years.  Now  recollect  tho 
line  A  E,  V  E  is  turning  at  this  rate  in  one  direction,  and 
the  line  P  8  A  in  the  opposite  direction,  at  a  rate  which 
carries  it  through  a  whole  revcdution  in  5,000  years,  and 
it  will  be  dear  that  if  we  take  any  position  of  these 
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shifdng  linea,  tliat  inlFlg.  139  for  instance,  aftwalapeeof 
21,000  years  they  will  come  r^iind  to  the  sama  position 
SKaiu,  and  in  half  that  time  we  shall  have  a  state  of  things 
lil^e  that  shown  in  Fig.  141,  where  the  poeitionB  of  the 
e^juinoxee  and  soIsticeB  are  exactly  reversecC  and  where  the 
winter  for  the  Northern  Hemiaphere  ia  longer  thaa  the 
Bunuuer. 

This  will  be  the  case  with  our  hemisphere  some  10,500 
years  hence,  and  we  shall  then  be  exactly  in  the  positioa 
the  Southern  Hemisphere  is  in  now. 

The  effect  then  of  preoeesion  and  the  leroluti^Hi  of  the 
apsides  is  this.  Midwinter  will  occur  at  certain  periods  for 
each  hemisphere  when  the  earth  ts  in  perihelion,  and  the 
winters  will  then  be  short,  and  their  severity  mit^ated  by 
the  proxiniity  of  the  aim;  about  10,500  yean  ansr  each 
of  these  periods,  the  midwinter  of  the  same  hemisphere 
will  happen  when  the  earth  is  in  aphelion,  and  the  winter 
will  then  be  long,  and  rendered  more  severe  by  the  in- 
creased distance  of  the  sun  ;  the  summer  in  the  latter  case 
will  be  short ;  and  at  first  sight  we  might  think  that  it 
would  be  also  hot  because  of  l£e  near  approach  to  the  sun, 
but  we  shall  see  shortly  that  there  aio  causes  which  pre- 
vent t^i"  circumstance  &om  exercising  any  beneficial  eneot 
on  the  dimato. 

Nov  as  long  as  the  path  of  the  earth  deviates  at  all  from 
a  drde,  the  ^ects  just  described  must  be  produced ;  even 
when  its  eccentricity  is  small,  as  it  is  at  present,  the  hemis- 
phere whose  winter  occurs  at  perihelion  must  have  some 
advantage  over  the  opposite  hemirohere ;  and  the  greater 
eeveri^  of  the  Antarctic  regions  at  the  present  day  is  doubt- 
less partly  owing  to  the  winter  of  the  Southern  Hemisphere 
falling  now  very  near  aphelion.  But  the  contrast  will  be 
evidently  immensely  greater  when  the  eocentridfyis  large. 
Compare  Figs.  139  and  140.  Everything  that  toads  to 
mitigate  the  severity  of  the  winter  in  the  first  is  present  in 
a  more  pronounced  form  in  the  second,  the  aohial  length  of 
the  winter  is  less,  and  the  distance  from  the  son  in  mid- 
winter  is  decreased.  To  take  an  instance,  our  winter  is 
now  neariy  ei^t  days  shorter  than  the  summer ;  but  if  the 
eccentric]^  bad  its  greatest  value  and  our  winter  occurred 
in  aphelion,  not  on^  would  the  length  of  winter  exceed 
that  of  summer  by  thirty-six  days,  but  we  should  be  more 
than  eight  millions  and  a  half  miles  farther  from  the  sun 
in  winter  than  we  are  now. 

If,  therefore,  these  celestial  changes  have  anything  to  do 
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with  dimate,  it  will  be  during  periods  of  higii  eocentrici^ 
tliat  they  will  produce  their  moBt  telliag  effect.  At  eu<m 
times  the  hemisphere  whose  midwinter  ocoutb  in  perihe- 
lion will  have  bo  short  and  mild  a  winter,  and  so  long  and 
moderately  hot  a  summer,  that  its  climate  will  be  eome- 
thing  like  a  perpetual  spring.  The  opposite  hemisphere 
will  nave  a  long,  severe  winter,  and  a  short  summer  ;  and 
these  conditions  will  be  transferred  from  one  hemisphere ' 
to  the  other  every  10,500  years.  Some  periods  of  high 
eccentricity  have  lasted  long  enough  to  allow  of  such  a 
transfer  having  taken  place  several  times  over. 

Thus  much  was  pointed  out  by  Sir  J.  Herschel,  in  the 
,per  already  quoted,  in  1830  ;  and  he  then  expressed  it  as 
H  opinion,  that  during  a  period  of  high  eccentricity  the 
effect  of  these  secular  changes  would  oe  to  place  each 
hemisphere  alternately  in  a  state  approaching  perpetual 
Spring,  and  under  a  condition  of  burning  summers  and 
ngcffous  winters.  He  seems  afterwards,  however,  to  have 
felt  that  long  periods  of  severe  cold  could  not  have  been 
brought  about  by  these  causes,  because  however  con- 
trasted the  seasons  might  be,  the  deficiency  of  heat  during 
a  long  winter  would  be  made  up  for  by  the  large 
amount  received  during  the  short  but  hot  summer.  In 
fact  the  total  amount  of  heat  received  during  a  revolution 
of  the  earth  increases  as  the  smallest  diameter  of  her  orbit 
decreases,  and  it  might  thereftve  seem  at  first  sight  as 
if  periods  of  high  eccentricity  would  give  rise  to  an 
increase  in  the  general  warmth..  But  Mr.  Croll  took  up 
the  subj  ect,  and  showed  that,  though  these  cosmical  changes 
could  not  directly  he  the  cause  of  epochs  of  intense  cold, 
they  must  produce  this  result  indirectly  in  the  following 
manner. 

The  dreary  winters,  which  will  be  the  rule  whenever  the 
eccentricicity  is  high  and  the  winter  oomes  round  when  the 
earth  is  near  aphelion,  wiU  he  long  enough  to  allow  of 
enormous  quantities  of  snow  and  ice  gathering  on  land 
and  sea  every  winter.  At  the  same  time,  during  the 
summer,  the  earth,  on  account  of  its  closer  approach  to  the 
sun,  will  receive  a  larger  amount  of  heat  than  at  present ; 
but  the  summers  wiU  he  so  short  that,  even  with  ♦>>''' 
advantage,  and  supposing  there  was  nothing  to  prevent 
the  sun  from  exerting  its  full  power  in  meltiog,  there  will 
not  he  time  during  iae  lapse  of  a  sunmier  for  the  whole  of 
the  accumulation  of  the  preceding  winter  to  be  cleared 
away.     The  efforts  then  made  every  summer  to  get  rid 
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of  tlie  frozen  matter  will  never  be  able  to  keep  pace  with 
the  additions  of  vinter,  and  at  the  end  of  each  Bununer 
there  will  alwaTB  be  a  balance  of  munelted  snow  and  ice 
to  carry  forward  to  the  nest  winter's  acooimt,  and  the 
piles  inll  grow  year  by  year  till  broad  areas  become 
permanently  wrapped  in  sheets  of  Ice  of  enormous  thick- 
ness. 

This  cause  alone  would  favonr  the  accumulation  of  great 
maaaes  of  ice  and  snow ;  but  there  are  other  oausea  ^^ch 
tend  in  the  same  direction,  and  prevent  the  sun  from  exert- 
ing its  fuU  effect  in  the  work  of  melting.  The  presence  of 
great  masses  of  snow  and  ice  will  tend  to  keep  down  the 
summer  temperature,  or  rather  they  will  result  in  making 
the  existence  of  anything  deaerving  the  name  of  summer 
impossible,  in  spite  of  the  large  amount  of  heat  poured  on 
to  the  earth  during  the  part  of  the  year  which  corresponds 
to  summer.  The  power  of  the  sun  to  heat  any  substance 
depends  on  the  amount  of  sun  heat  which  that  substance 
can  absorb  or  appropriate  to  itself.  Now  air  can  absorb 
scarcely  any  of  the  direct  heat  of  the  sun,  and  consequently 
the  sun's  rays  pass  through  it  without  raising  its  tem- 
perature in  the  slightest  degree.  Many  curious  and  appa- 
rently contradictory  facte  can  be  esplained  when  uiis 
pow^essness  of  air  to  absorb  sun  heat  is  taken  into 
account.  The  pitch  on  a  ship's  side  off  the  Qreenland 
ooast  has  been  melted  by  the  direct  rays  of  the  sun,  when 
the  temperature  of  the  iair  around  was  far  below  the 
freezing  point  The  air  could  not  take  up  any  of  the  heat, 
but  the  pitch  could.  In  the  same  way,  when  me  sun's  rays 
have  passed  unaffected  through  the  air  and  fall  upon  the 
ground,  they  meet  with  a  substance  that  can  absorb  them ; 
uie  earth  becomes  heated,  and  in  its  turn  radiates  or  nves 
off  heat  to  the  cold  air  above.  Now  the  heat  radiated  from 
the  ground  differs  from  that  which  comes  direct  from  the 
sun  in  thin :  it  can  be  absorbed  by  the  aqueous  vapour  of 
the  atmosphere,  and  it  is  taken  up  greedily,  and,  rfusing 
the  tempera£ure  of  that  Tapour,  produces  a  generally 
genial  climate.  But  if  a  country  be  cased  in  snow  and 
ice,  there  will  be  no  heat  absorbed  and  none  given  back 
to  raise  the  temperature  of  the  watery  vapour :  the  sun's 
heat  will  be  all  used  up  in  the  work  of  melting,  and,  as 
long  aa  the  icy  coating  remains,  the  temperature  of  the 
surface  can  never  be  raised  above  the  freezing  point.  In 
such  a  case  the  ground,  instead  of  being  a  source  of 
warmth  from  which  heat  is  always  passing  off  to  warm  the 
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air  above,  ia  a  cold  pavement,  whicli  not  only  hae  no  Iieat 
of  ita  own  to  give  avav,  but  tenda  to  rob  the  atmoepbera 
of  any  wanntE  it  ma^  bave  obtained  from,  otber  Bources. 

Again,  tbe  aan's  ktb  wben  tbev  fall  on  tbe  bare  ground 
are  veiy  lai^y  absorbed ;  but  from  aurfaces  of  snoir  or 
ice  a  great  portion  is  redectod  back,  and  loet  to  the  earth 
altcwether. 

IJie  benefidal  effect  which  a  nearer  approach  to  the  sun 
would  tend  to  produce  would  be  further  neutraliaed  in  this 
way.  The  increased  heat  would  give  rise  to  abundant 
evaporation,  but  the  dulling'  effect  of  tbe  cold  air  and  iay 
maseea  would  condense  the  watery  vapour,  and  give  rise  to 
dense  foga,  which  would  cut  off  me  sun's  rays  and  prevent 
any  meltmg  of  the  snow  perhaps  all  the  aummer  kmg. 

Mere,  one  would  think,  we  have  enou^  to  produce  any 
amount  of  severity  of  climate ;  but  Mr.  Croll  believes  that 
there  is  yet  another  cause  that  would  produce  still  more 
important  effects.  He  holds  that  the  great  currents  of  the 
ooean  axe  due  to  the  pressure  of  the  tr^e  winds  on  the  aur- 
f  ace  of  the  water.  These  trades  are  caused  by  tbe  difference 
in  t«mperature  of  the  air  in  polar  and  eq^natorial  regions, 
and  if  the  mean  temperature  of  one  hemisphere  be  lower 
than  that  of  the  other,  the  trades  from  the  first  will  tw 
l^trouger  than  those  &om  the  second.  Owing  to  ^^i"  cause 
the  aouth>eaaterly  are  now  more  powerful  than  the  north- 
easteily  trades,  and  in  conae<uience  the  general  set  of 
ocean  currents  is  towards  the  Northern  Hemisphere.  The 
general  tendency  is  thus  for  the  wann  equatorial  waters  to 
be  carried  northwards,  and  raise  the  temperature  of  those 
northern  lands  whose  shores  are  washed  by  them,  or  across 
which  winds  blowing  athwart  the  course  of  the  warm 
currents  are  wafted.  But  when  tbe  Northern  Hemisphere 
was  under  glacial  conditions,  the  Southern  Hemisphere 
would  be  enjoying  a  mild  climate  all  the  year  roimd,  and 
tbe  present  arrangement  of  currents  would  be  exactiy 
reversed.  The  warm  equatorial  water  would  flow  south* 
wards,  and  our  hemisphere  would  lose  all  the  benefit  it 
now  derives  from  this  source. 

If  the  explanation  just  given  be  correct,  alternations  of 
periods  of  intense  cold  and  of  periods  when  a  mild  equable 
temperature  prevailed  over  an  entire  hemisphere,  must 
have  recurred  during  the  past  history  of  the  earth  over  and 
over  f^ain.  .  When  we  come  to  discuss  the  record  of  by- 
gone ev^its  which  Geology  presents  to  us,  we  shall  find  that 
tuete  is  evidence  for  such  having  been  the  case.    Further, 


)  by  Google 


AiTTBONOiaCAL  CAUSES. 


if  ire  tabulate  the  Talaee  of  the 
eooentrici^for  post  epooha,  and 
note  the  points  at  much  after 
incieasiug  for  a  time  it  b^ina 
to  decreaae  or  the  oontraiy,  we 
shall  find  that  ita  values  at  theee 
turning' poiiits  are  by  no  means 
all  eqiial|  and  also  that  the  pe- 
riods during  wluob  the  eooen- 
tricdty  keeps  at  a  high  or  a  low 
figure  are  in  some  cases  very 
much  longer  than  in  others. 
Suppose  we  take  a  straight  line 
and  divide  it  into  a  number  of 
eqnal  parts,  each  of  which  re- 
presen'^  a  year,  and  from  each 
of  these  points  erect  perpen- 
dionlaiB,  making  the  length  of 
each  perpendicular  proporaonal 
to  the  value  of  the  eccentricity 
at  the  date  corresponding  to  the 
point  from  which  it  is  drawn, 
and  then  draw  a  curve  through 
the  extremities  of  the  perpen- 
diculars, the  shape  of  tbis  curve 
will  give  us  an  idea  of  the 
nature  of  the  chan^  in  the 
eooentridty.  We  shall  find  that 
we  do  not  get  a  series  of  regular 
arches  each  of  the  same  breadth, 
and  each  rising  to  the  same 
height  above  A  JB,  like  the 
curve  in  Fig.  142,  but  a  -curve 
like  that  in  llg.  143,  when  the 
flummita  of  the  bends  are  some 
much  higher  than  others,  and 
the  intervals  between  the  bends 
verv  unequal  in  length- 

Hence  the  cold  periods  will 
be  very  unequal  in  length,  and 
will  occur  at  very  unequtJ  in- 
tervals. 

One  mare  point  in  oonnection 
with  Mr.  GroU's  theoiy  remains 
to  be  noticed.    According  to  it, 
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epochs  of  intense  severitj  would  alternate  with  periods 
when  the  temperature  was  equable  and  mild  all  the  year 
round.  Now  one  of  the  most  puzzling  facts  about  former 
changes  in  climate  is  this.  la  several  cases  where  we  meet 
with  proofs  of  a  temperate  climate  having  extended  north- 
wards, we  also  find  evidence  of  the  existence  of  glacial 
epochs  closely  following  or  preceiling  these  genial  times. 
It  seems  strange  that  such  strongly  coutmeted  conditions 
should  have  existed  so  near  to  anoUier,  but  tbiB  is  exactly 
the  result  that  ought  to  follow,  if  Ur.  Groll's  explanation  be 


the  true  one.  According  to  it,  whenever  there  was  a  bug 
continuance  of  a  Mgh  eccentricity,  each  hemisphere  would 
be  alternately  placed  under  glaci^  conditions  and  periods 
of  perpetual  spring.  The  Miocene  epoch  fumi^es  an 
admirable  instance  of  the  apparent  contradiction  mcntioaed. 
We  have  seen  that  during  part  of  it  forest  treee  could  grow 
within  the  Arctic  circle ;  during  another  portion  there  is 
evidence  of  the  presence  of  cwd  severe  enough  to  give 
birth  to  large  accumulatioiis  of  ice  at  spots  as  far  sou^  as 
the  E^enees  and  Turin.  Other  instances  will  be  noticed 
in  the  second  part  of  this  ManuaL 
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